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rOREWORD

This is the final report for a comprehensive study on damage tolerance properties of
notched composite laminates under the Air Force Grant AFOSR-84-0334. The grant was
awarded to Dr. A. S. D. Wang of Drexel university with the initial grant period covering from
30 September 1984 to 31 December 1986. However, during the period from 1 September
1986 to 31 August 1987, Dr. worked at the AFOSR as visiting scientist under the
Intergovernment Personnel Loan Program; Dr. C. W. Lau then served as an interim principal
investigator, with the termination date of the grant extended to 31 December 1937.

The research was performed by Dr. A. S. D. Wang and his assistants: Dr. E. S.
Reddy, Drexel University post-doctoral fellow, Dr. W. Binienda and Mr. Y. Zhong, Drexel
University graduate students.

Major David A. Glasgow and Lt. Col. George K. Haritcs of AFOSR searved
successively as technical monitors during the course of this research.
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INTRODUCTION
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Objectives of Research.

FAAER T

The main objective of this research is to investigate matrix-related damage

Wi

mechanisms in composite laminates that have a through-tne-thickness line-notch or a small
hole. A compuler simulation methodology is then developed to describe the modes and the

extent of damage growth caused initially by the presence cf the notch (or hole), and
subsequently by the damages themseives.

Theoretical Approach.

The theoretical approach taken in this endeavor followed the principles of
micromechanics and the mechanics of brittle fracture at the descriptive level considered
valid for the so-called ply-elasticity. Namely, the laminate is basically treated as a
3-dimensional elastic solid which is made of distinctly anisotropic layers. While each layer is
assumed homogeneous and endowed with a set of effective elastic constants (see, e.g. [1]),
brittle fracture can initiate and propagate within any layer having a weaker axis of material
anisotropy, and within any one of the weaker layer interfaces due to the 3-dimensional
interlaminar stresses.

Since the propagation modes and the growth behaviors between fracture in a layer
and fracture in a layer-to-layer interface differ fundamentally owing to the particular
microstructure of the laminate, growth of damages in the form of sublaminate cracks

constitute a load-time dependent evolutionary process. The general premise of ply-¢lasticity

and theory of brittle fracture on which a simulation model is based has recently been
discussed in detail by Wang [2].

Crack Growth Simulation.

With laminates having a through-the-thickness line-notch or a small hole, stress

N e p A A = e = o A m e hn A A o PR et A T T T Yk T N
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concentrations and hence sublaminate damages near the notch (or hole) are expected

LI R

when the laminate is loaded by externally applied load. In order to simulate the damage
. initiation and damage growth as a function of the applied load, a 3-dimensional analysis of
the stress field near the notch or hole must be first performed. Such a stress field, however, Y.

contains regions of stress concentration caused not only by the notch (or hole) itself in the p

usual sense, but also by the interaction of the free edges of the notch (or hole) with the layer

X interfaces known as free-edge effect [3].
In addition, if one or more sublaminate cracks have already initiated near the notch
(or hole), the stress field disturbed by the presence of these cracks and the new conditions
for these cracks to grow must be continuously analyzed. 2t
Clearly, to effectively analyze such a complex system requires, as a prerequisite, an
efficient and accurate finite element computational routine on one hand, and a set of 3
physically consistent material conditions that govern the various crack growth behaviors on
: the other. Of course, the finite element routine must be developed in accordance within the
basic confines of ply-elasticity and the theory of fracture mechanics. Similarly, material h
conditions governing the various crack growth behaviors must be determined independent b2
of the laminate geometry, both in its overall shape and its lamination structure. 2
Finally, the simulation methodology must be validated by experiment in which actual o4
growth of sublaminate damages is recorded as a function of the applied load. The recorded b
damage must be measured in quantity units consistent with those simulated numerically so '
that a direct comparison between the two can be made.

. Major Tasks Performed. "

: Within the context of the forgoing discussions, the following major tasks have been
: performed during the course of the research:

1. Development of a 3-dimensional finite element code based on

e v Y Ty

ply-elacticity and the linear theory of fracture mechanics. The code is capable

Ayt

of simulating the initiation and growth mechanisms of sublaminate cracks

o
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expected to occur in certain notched laminates when they are specifically
loaded.

2. Development of rigorous solutions based on anisotropic elasticity and
fracture mechanics for a crack problem similar to that anticipated to occur in
laminates but mathematically tractable without compromising accuracy. The
same problem is then analyzed by means of the developed finite element
code. Comparison of results from the two independent solution methods
adjudicates the general accuracy of the finite element method.

3. Experiment to establish material conditions that govern the initiation and
growth behaviors of the kinds of cracking anticipated to occur in notched
laminates. The is accomplished by testing a family of specially designed
specimens in which the anticipated cracking occurred, and by simulations of
the observed cracking using the developed finite element code.

4. Validation of the simulation method by testing actual laminates that have
through-the-thickness line-notches or small holes. Comparisons arc¢ then
made between the test results and the simulation results, which display the
adequacy and/or limitations of the simulation methodology.

In the next section, specifics in each of the tasks are discussed in more detail along

one computer code with user's guide are appended to this report for reference.
The last section outlines a set of concluding remarks pertinent to the major themes of
this research.
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with highlights of the results obtained therein. The actual results and the manner in which
these results are obtained have been reported in open literature. Four full-length papers and
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SPECIFIC TASKS AND RESULTS o~
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]

3-D Finite Element Codec. .
7

_-"

L

As mentioned, the finite element code is developed on the basis of ply-¢lasticity and oy
the theory of linear fracture mechanics. Its main functions are =
1. To compute the 3-D stress field in a laminate of given lamination structure,
N

overall laminate shape, manner of loading, the exact geometry and location F
of the notch. Because of the expected stress concentrations near the notch :
region, the code is capable of generating the desired mesh in the region
around the notch. The computed stress field provides 6 stress compcnents at o
¥

any point. In general, stress distribution on any specified plane can be [‘
o

displayed graphically in various isometric forms. )

PPN

2. To compute the strain energy release rates at any crack-tip with speacified
direction of propagation. If one or more cracks are already present near the
notch, the code can compute the associate stress field as well as the strain
energy release rate at one of the crack tip. In cases where the crack may

propagate in mixed-modes, then the energy release rate corresponding to

each mode can aiso be calculated. The calculated strain energy release rates
are expressed in terms of the appropriately unit for the applied load.

AT g 8 '_P"',‘ LAY :. 1‘. »

Input data required to run the code include the geometry for the overall laminate

H
Y

specimen shape, the applied load and boundary conditions, the laminate stacking sequence

LI R
i

and fiber orientations, the etfective elastic constants (including thermal expansion

1= 2ty

coefficients if appropriate) for each ot the laminating layers relative to their respective
principal material axes, the location, size and orientation of the notch, and the suspected

‘e’

matrix crack or delamination near the notch.

Appendix V contains the user's guide in which a considerable detail about the code F
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is discussed. To he!p run the code, illustrative examples are provided with explarations and

»

" actual input /output results. A list of the source code, written in Fortran-1V, is also included. ]
\ Assessing the Accuracy of the Finite Element Method.

As the developed finite element code is to be used to compute both the stress fields

" and the fracture quantities for small cracks in layered, anisotropic solids, an etiornt is made to
assess the numerical accuracy the code can provide. To this end, a problem of &n ideal

K overall configuration and loading condition is treated rigorously on the basis of the
anisotropic theory of elasticity and fracture mechanics.

- The specific problem treated is a unidirectional laminate of infinite domain as

illustrated in Figure 1. The laminate contains initially a kink crack and is loaded in uniform

tension applied ori-axic, making an arbitrary angle 0 with the fibers. The base of the kink

\ crack is normal to the applied tension while the kink itself is in the fiber direction. Thus, the X
, problem is one that involves self-similar, mixed-mode fracture at the kink tip. Within the frame
' work of elasticity theory and linear fracture mechanics, the problem can be formulated :
. exactly and solved rigorously by means of singular integrals and the boundary collocation
; method. X
, Solutions to this rigorously formulated problem serve as branch mark from which the

finite element solutions can be compared. As it turns out, it is possible to tune the finite

element shape and mesh selactions in order to yield as accurate numerical results as the
rigorous solutions.

rarrlld

S w

Detailed development of this effort has been published in the paper entitled "Fracture
duc to A Kink Crack in Unidirectional Fiber reinforced Composites." This paper is appended
here as Appendix 1.

PSR

et

Establishing A Mixed-Niode Fracture Criterion.

Another essential element in the prese' i effort to simulate mixed-mode sublaminate

(S g 4

crack is to ascertain the material condition under which the crack propagates. The problem
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is complicated by the fact that fracture of different modes often involves different mechanisms ‘_

at the microscale, which in turn result in different material conditions for propagation. For

fracture propagating in arbitrary combination of modes, a general set of conditions is need. ;

This, however, is not always possible without actually specifying the material. '
In the present work, the AS4-3501-06 graphite-epoxy composite system is used in all

experiments and simulations. To establish the desired mixed-mode fracture criterion for

matrix cracks in this material, a test specimen is designed which can yield crack propagation

under 28 ditterent mixed-mode conditions. The test specimen is shown in Figure 2.

It is an off-axis unidirectional tensile coupon with a pair of side notches cut normal to

the applied tension. At the critical loading, a kink crack is initiated at one the notch tips and is

propagated along the fiber direction in mixed-mode. By varying the off-axis angle 6 and the
notch depth, the nature of the mode-mix as well as the critical conditions can thus be altered.

Correlation between experiment and finite element analysis concludes that a useful
criterion governing mixed-mode fracture in this material appears to be the total strain energy
release rate that exists at the crack tip.

The details of this subject have been included in the paper entitled "A Criterion for
Mixed-Mode Matrix Cracking in Graphite Epoxy Composites.” This paper is appended here N
in Appendix 1. Ny

Simulation of Matrix Ciucks in Noiched Laminates.

For simulation of matrix crack growth in laminates, the graphite-epoxy (AS4-3501-06)

[05/905]4 laminate coupon is chosen. The dimension of the actual coupon is 1" wide and 9"

long; it is notched in two different forms: (a) a pair of side notches and (b) a small center
hole. The applied load is uniaxial tension. Under the applied loading, both in-ply matrix
cracks and interply delaminations are expected to occur and grow with the increasing load.
In particular, these cracks can occur interactively. It should also be emphasized that in all
cases the resulting sublaminate cracks propagate in mixed-modes of various degree of
mode-mix.

Evolution of the matrix cracks and delamination in the specimen is both recorded in
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experiment and simulated independently by the finite element routine.

Resuits from this part of the study have been reported in two papers entitled
"Three-Dimensicnal Simulation of Crack Growth in Notched Laminates,” and "Simulation of
Matrix Cracks in Composite Laminates Containing A Small Hole." These papers are

appended here us Appendix Il and Appendix 1V, respectively.

CONCLUSIONS

In this research program, a simuiation method is developed to describe the evolution
of matrix cracks in the vicinity of notches in composite laminates. The method is based on a
generic approach of the problem in which actual cracking mechanisms are closely modeled.
Still, these mechanisms are extremely complex and the simulation has to resort to some
degree of idealization. This then causes discrepancies between the simulation and
experiment, as is evident by the results reported in the papers appended herein. It is
conceivable that these difficulties could be considerable removed if more is known about the
interactive mechanisms of the various cracks at the microscopic scale and if a more realistic

simulation technique becomes available.
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Figure 1. Kink crack in an infinite unidirectional laminate subjected to unitorm tension.
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A COMPREHENSIVE STUDY
ON DAMAGE TOLERANCE PROPERTIES OF

NOTCHED COMPOSITE LAMINATES

Appendix |
Fracture due to A Kinked Crack

in Unidirectional Fiber Reinforced Composites”

Paper presented at the ASME Winter Annual Meeting, Boston, 1987;
also in Damage Mechanics in Composites, AD-12, ASME, 1987. pp. 73-81,
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FRACTURE DUE TO A KINKED CRACK IN UNIDIRECTIONAL FIBER
REINFORCED COMPOSITES

W. Binienda and A. S. D. Wang
Department of Mechanical Engineering and Mechanics
Drexel University
Philadelphia, Pennsylvania

F. Delale
Department of Mechanical Engineering
The City Coliege of New York
New Yoik, New York

ABSTRACT

This paper presents an analysis for a kinked crack in
a unidirectionally fiber reinforced composite plate. The
plate is assumed infinite and contains a through-thickness
crack of initial length Ly, which makes an angle 8 with the
direction of fibers. When the plate is subjected to a far-field
uniform tensile stress normal to the crack, the crack can
only propagate in the preferential direction of fibers due to
the weak strength of the fibar-matrix interface. The result is
a kinked crack propagating in mixed mode, with the degree

of modal mixture depending on the angle 8 and the ratio
between the length of the kink Lo and the length of the
initial crack Ly.

To determine the parameters relevant to mixed-
mode fracture at the tips of the kinked crack, the problem is
formulated in terms of singular integral equations with
generalized Cauchy kernels. The resulting system of
equations is then solved numerically employing a Gaussian
quadrature and the collocation method. Stress intensity
factors, kq and ko, and the strain energy release rates, Gj
and Gy, of the kinked crack are obtained for various values
of 8 and Lo/L 4 ratios.

1. INTRODUCTION

Failure in fiber reinforced polymeric composites
frequently occurs in the form of matrix cracks due to weak
hber/matrix interface strength. Depending on the local fiber
geometry, a matnx crack may propagate in the preferential
fiber direction under mi<ed-mode conditions. Invariably, the
relevant fracture paramciers which govern matrix crack
propagation are dominated by the anisotropic properties of
the material. This makes it necessary to formulate an
anisotropic cnterion for fracture propagation.

Within the frame work of the original Griffith theory
for brnttle fracture, a number of mixed-mode crack
propagation criteria have been used for various types of

materials, including fiber reinforced composites [1-6]. Sih
{5.6], for example, proposed a criterion based on the local
strain energy density. Others have used critera in the
general form of {(k;ky)=Keff. In the experiment by Wu [3].
who tested notched balsa wood and unidirectional fiber
glass reinforced composite piates, the fracture criterion
(ki/kic)+HyK c)2=1 was shown to apply.

In a series of recent papers by Wang, Crossman, et.
al. [7-10}, the critical energy release rate G|z was used as a
criterion for the initiation and propagation of mode-l cracks
in multi-layered laminates. When the crack is blunted by a
local fiber or layer interface, the crack would kink and a
mixed-mode or shear-dominated fracture would result. In
this case, the total critical energy release rate (Gy)c has
been employed as a criterion [11].

Regardiess of the form of the fracture criteria, it is
essential to treat the crack conditions correctly and
determine the associated fracture parameters accurately.

Fracture problems in homogeneous anisotropic
materials have been rigorously studied, see e.g. [12-15].
But for f{racture in fibrous composites, matenal
inhomogeneity and the associated microstructure often
prevent an analytical solution. A numerical technique such
as the finite element method is employed, without a
rigorous interogation of the fracture conditions near the
crack tip.

This paper treats a kinked crack in a unidirectionally
fiber reinforced composite plate. The plate is assumed 10
contain a through-thickness crack of initial length Ly, which
makes an angle 8 with the direction ot tibers. When the
plate is subjected to a uniform far-field tensile stress normal
to the crack, the crack can only propagate in the direction ot
the fiber because of the weak strength of the fiber-matrix
interface. Thus, a kinked crack is induced propagating in
mixed mode. Clearly, the nature of the propagation
depends on the kink angle ©, the lengths ot the kink Lp and
the main crack L.

To determine the parameters relevant to mixed-
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mode fracture at the tips of the kinked crack, first the
problem of two separate cracks embedded in an infinite
orthotropic plate is considered. Namely, one crack is the
main crack of length Ly and the second crack of length Lo is
assumed 10 lie along the direction of tibers. The line of Lo
intersects the line of Ly at the origin of the x-y coordinates
as shown in Figure 1. Using the crack surface derivatives as
unknown, the problem is formulated on the basis of two-
dimensional theary of elasticity and the field equations are
expressed in terms of singular integrals with Cauchy type
hernels. The system of integral equations is then solved
numencally by employing a Gaussian quadrature and the
coliocation method.

Next, the actual kinked crack is considered. This is
accomiplished by latting the approaching tips of the kink and
the main cracks to touch each other at the intersect of the
two crack lines. In this configuration, the singular integral
equatons are stil valid but some of the kernels become
singular, giving rise 1o generalized Cauchy kernels. In fact,
it is shown that at the point of touch the stresses are
singular and the power of singularity is difterent trom 1/2.
Thus, for the kinked crack geometry, a set of singular
integral equations with singular kernels is solved. Stress
intensity factors, ky and kp, and strain energy release rate
components Gy and Gy, at the tips of the kinked crack are
obtained for various values of 6 and Lo/Ly ratios. Note that
the problem of the plate containing only the main crack
corresponds 10 Ly-0.

2. FORMULATION OF THE PROBLEM

As stated previously, the problem at hand is a
kinked crack in an infinite plate, and it is treated first by
considering two separate cracks as depicted in Figure 1.
Let the plate be orthotropic with principal directions xq and
y1. The far-field uniform tension is applied in the direction of

yo which makes angle 8 with y4. The main crack of length
L1 lies on the xp axis, while the inclined crack of length Lo
(the future kink) lies on the xq axis (which is the direction of
the fibers). The stress fields for the invidual cracks are first
solved, and the stress field for the interacting cracks is then
oblained by superposition. A brief outline of the solution
procedures is given below; details are contained in
Reference [16].

Crack Parallel 1o the Fibers

For the crack paralle! to the fibers, the governing
field equation is expressed in terms of the stress tunction
F1(x7.y1) in the principal coordinates (x1.y1):

=0

r
~

W P N N W Y A A W M v L AP AT I A L
A5 w-. \.',*.\\.p. N RN S \f .

E L, ETT. GLT, VLT being the engineering clasuc constants
for the orthotropic material.

Fourier transformation of the stuss  tunction
F1(x1.y1) can be defined as:

EY.g
1 =3
F](Xpy]) =5 I‘bl(syl) e Tus (4)

Substituting equation (4) in (1), Oramary Differsntial
Equation (ODE) with constant coeficients 1s obtained. The
solution of such equation can be exprassed u4s:

wsy,
¢ (sy) ~e 1

s0 the following characteristic equation is cblaied:
B,w* -f,w? +1=0 (6)

(5)

The roots of equation (6) are: wy, —wy, wy, —wy, such that
Re(wq) >0 and Re(wy) > 0.
Taking into consideration the fact that the stress and
displacements must vanish at infinity, the stress function
may then be written as:

Rl

S K

1 <lsly “lslyy o)
Filxpy) =o | [Ae™™ B ™M™ as y, >0

()

Y]

— 1 o Is} Isly, -1sa, ]
F](XVY‘)-’Z{ [Ce lsy‘*De% y‘]e‘ 'db, y‘«O

Using the continuity of stress at y1=0 and introducing the
following crack surtace displacement derivatives as the new
unknowns,

F) .
) = [ u(x,0) - u(x,,0)] (®)
1 X, <X <X,

f06,) = ;i—llva,,o*)-va,ﬁ')l )

the stresses may be expressed as:

1 )r{ rn(tl)“’lel * LU (Y- X)) w,

g =
Y 2n(wi-wd)a
12

22 2
1" X wlY] ’([|'X|)

FLE ) @gyy + 60t (L - X)) w,
- b,

2.2 2
Wiy + & -xy)

Xy
Lt @y~ 1) —

1 ’%{ w
o, = - I !
YiYq 2n(wf-w§) gy x wz‘yf ,(tl_XI)Z

t-x,
f(t)w,y, + bt -
S

2

2 2
wyy +(t-x,)




h 9 - - N - - - - - L] - v ] v
*a
. - 1 J{ At 0, (8 -x%) - () oy,
M 2n(el-wd)ay, X B+ (4]

(8 @, (8- X)) - B(Y) wyy, } (12)
i 2.2 2 da
WYy + (Y -%y)

For more details about the formulation one may refer to [16).

o : : E

In this configuration the crack is assumed to lis
along the xp axis. For a formulation using the xo-yo
coordinate system the material has to be taken as fully
anisotropic, giving the following governing equation in
terms of the Airy Stress Function Fao(x2.y2):

q 4 4 4 4
dF 3 F I F 3 F 3 F
2oV Y5 e Yy Y—=0  (13)
ax, ax, 3y, X33, 3,3y, 3y,
where
Y= 2b26 . . 2b12+ b66 .
! bZZ ’ 2 bZZ '
Yoa- By Y i 9
Ioby by
and

4 2 2 . 4
b,y =2,,C08 8 +(2a,,+a,)sin BCos B +a,,sin'8

. 4 .2 2 4q
b,,=a,,5in 6+ (2a,,+a.)sin'Bcos 8 + a,,cos 8
.2 2
b= 2, +(a+2,,-22,,-3,)sin G cos 8
2.2 (15)
Dee = g *(2),+3,, - 23,,-3,)sin Bcos 8

o2 2 1 .
byg =[a,,8in 8 - 2,,C08"8 + =(2a,,+ ag()cos20]sin28
2 .2 1 .
b, =1{a,,c08 8 - 2, sin'd - —2(2a12¢ a,)c0s281sin28
Again following the same procedure, the stress can

be expressed in terms of the crack displacement derivatives
ta(to) and 14(to) as follows:

1 » R, 11(4) - R, f(b) . Ry L) - Ry f3(1)
cxzng -Z-EK{ y(a+b) +i(t2- X)) Y,(c+id) +i(t,- X,)

(16)

. Rs ra(t’z) - Ry ra(tz) R R? ’402) ) rs(tz) d
T CR B (i B () BE R G

*
c = 1_] Rofi(6) -Ryofa(t) . Ry f(®) - Ry f(L)
Y2¥2 2qu y(a+D) +1(t,- x,)  y,(c+id) G- x,)

Rnra(tz) '914'402) Rts’4(tz) i R|6r3(t2)]

Y aBY (G %) | Y (i) - G- xy) a7
ey
T+ = _1_I R,,f:,(g) -RigfL) . Rigf(t) “Ryfy(%)
XYz 2nxl Y,(2+B) +i(G ) * yy(c+id) +i(G x,)
. Rznrz('z) 'Rzzroa(tz) . nzara(tz) ’Rz4f3(t2) g
Y,aB) - (G %)+ Va9 -KG-%,) | % (18)
where
(0Xp) = 5= W0y, 0%) - u(y, 0] (19)
az X‘< X2 < Xb
f(X,) = &;[ ¥(X,, 0%) - ¥(x,, 0] (20)

and R; i=12,.24 are given in [16]. Here it must be noted
that the formulation leading 1o expressions (16)-(18) is quite
lengthy and tedious. The intermediate steps can be found in
[16).

The Integral Equations,

Stress field for two-crack system is generated by
superimposing the two solutions briefly ucucribed in two
previous sections. It is noted that the stresses are given in
different coordinate systems. Therefore the following
coordinate transformatiors are used:

X, =X, €0s8 - y, sind (1)

y,=X,sinB + y, cosd
or
Xy = X, c0s8 + y,sind
A (22)
Yy =-X,sin8 + y,cos8

The total solution for the stress field can be
expressed in either (xy,y1) or (xa.y2). Let superscript (T) be
used to denote the total stresses in either system. To satisfy
the boundary conditions along ypo=0 and y;=0 we may
write:

Xy <Xy <Xy (23)

and
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(24)

1T =-0, sinB coso

"

By means of a normalization procedure by subslituting the

following:
- BXy X)X X,
T T2
. SZ(XD - X_) X+ X, 1< .5, < 1 {25)
2 2 2
Xb- X‘
dt2 = 5 d"z
and
XX} Xg4 X,
1772 2
Sy (Xg-X) Xy X, 1 26
i = 2 > -1< '('1151 < ( )
X, - X
d c
dtl =3 drl

(23) and (24) lead to the following

system of Cauchy type

singular integral equations:

1 1
()

121 AR drl+IK‘3

1975 -1

2
= -0,C08 2]

1 1

fz('r‘)

(59 o 4 [k,
A4S -1

21

= -6, sinB cos

)

M IK‘az'z(‘l)d‘l =0
N

fy(r) dr, +

J Kiafy(r) ds,
4

(27)
1
(e, + [ Kyt () dr,
-1
(28)
1
f{%) K.t
-y, v [ o,
2 2 -1
(29)
W)
4%
—drt, + |K,, [ (1,)dt
2 41 1M t
2752 !
(30)

These equations must be solved with the following single-
valuedness conditions which complete the formulation of

R R N NSRS Jl,‘f.'._-._r,_( r.\_ \(\.r‘ 5 .""f\-?\vl',"’l‘.;d‘_;.r 3 . -'-. ; _'_. W s

the problem: !

(tpas =0 (31
A
1
If:z(‘z) dp, = 0 (32)
-
Jemyar, = 0 (33)
-
1
[fq(‘z) =0 (34

-1

The expressions for the kernels Ki are functions of maternial
constants and crack geometry {16].

The system of integral equations (27-34) can be solved by
using one of the Gaussian quadrature technique {17].[18]. It
should be noted that this system of integral equations
contain Cauchy type kernels, so lthe stress and strains will
have a square-root singularity and one may therefore use
the classical definition of stress intensity factors 10 evaluate
them at the crack tips [12-14].

Solution { Ki c

The geometry of interest is that of a kinked cracked.
We can arrive at that configuration by letling xp,=0 and x=0.
In this case the integral equations (27-30) remain valid but
somae of the kernels become singular while approaching the
tips, giving rise 1o a singularity of unknown power 8 at the
apex. The singularty B can be derived by requiring the
displacements of common end to match what giving the
foliowing transcendental characteristic equation:

2

-n'costnpc,,c LB

12€21€12C4q 3 CidhpsA

2
cos 1l CypCaphzshay

2

L
4
"ZZCCA fcos'upc,C. N .C

+ g cos nf C\,Clhp0A  + tcos uffC.C ™

~N

c0s’nB C,,C A, A

437°297731 Cashoat

no2
g os B CLChAAY

43

2

+ Zcos’np C,p\C o

3 aPiat ¢ T A %A

1 -
16 7 3t2aa™ (39)
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For the details of the derivation and delsiition of A and
Cmn one may again refer o [16).

For the same reason two conditions from (31-34) arg
replaced by:

1 1
xg [ te) ar, = x, [ [ sin® - tx)cos8 ]ar,  (a6)
-1 -1
| 1
% [ e aty =-x, [ [ () cose + ter)sine Jar,  (a7)
-1 -1

The singular integral equations have generalized Cauchy
kernels and may be solved by using a Gauss-Jacobi [17]
or Lobatto-Jacobi quadrature technique [22]. The stress
intensity factors at the crack tips can again be derived using
their classical definitions.

h rain Ener leg

From the fracture point of view, perhaps the most
imporntant physical quantity is the strain energy release rate
G. Using the usual definition [26], it can be written that:

d
G=x(U-V) (38)
at x=xyq. we may write:
Xg+da
du-dy = 15 I [ UYIVI(X"O)[ v(X,- da,0" - v(x,- da,0)]
o]

+ Txm(xl,O)[ u(x'-da,o’) - u(x, da,o')]]dx‘ (39)

The expressions of normal and shear stresses can be found
using definition for stress intensity factors. Thus,

Ky(Xg)
LA .
o, . (%,0) = ————== + higher orderterms (40)
nyed [20¢, - %)
Ky (Xg)
2279 + higher order terms (41)

&‘y‘(x‘,O) B /2()(‘ - Xy)

To obtain the asymptotic exprassions for [u{x4,0*) - u(x4,07)]
and [v(x4,0*) - v(x4,07)], we can use equations (8) and (9).
Foilowing the procedure of derivation as in [27,28], it can be
shown that :

2
1 k‘(Xd)
T, @
2
1 kz(xd)
T (43)
and G=G|+Gj (44)

For all the details one may refer to [16].
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3. RESULTS AND DISCUSSION.

The important results are those peraining to the
kinked crack case. Here for conciseness only this case is
studied in details. To determine the stress intensity factors
one must first obtain the singularity B by solving equation
(35). so certain material properties of orthotropic plate have
to be used. The singularity B for an isotropic wedge is given
in [19]. Similiar results are reported for an ornhotropic
wedge in [20] and [21]. The numerical values of [} obtained
from equation (35) for the special cases of isotropic and
orthotropic maternals compared closely with those
computed in [19-21]. Figure 2 shows the variation of the
stress singularity power (-f) with the angle 8 for an isotropic
an orthotropic material. For the orthotropic case the material
properties are listed in Table 1.

As expected for 6=0 (i.e. for a half plane) there is no
singularity (B20) and the singularity increases with
increasing wedge angle. The value of B must eventually
reach the value -0.5 (the well-known square-root
singularity) for a crack (i.e. when 8=180°). It is interesting to
note that for some orthotropic matenals the stresses may
not be singular even if the wedge angle is larger than 180°.

The stress intensity factors are obtained by solving
equations (27-30) in conjunction with equations (36) and
(37). Since the integral equations have gensralized Cauchy
kernels, the collocation methods described in [17] and
[22,23] are used. In the results given subsequently, the
stress intensity factors are normalized with respect to the
uniaxial load G, and the square-root of their respective half
crack length. To check the accuracy of the technique the
results are first compared with the solutions of special cases
that exist in the literature. Table 2. shows the comparison of
the mixed-mode stress intensity factors at the lips of a
kinked crack embedded in an infinite isotropic plate with
those found in [24-25].

As one may infer from the Table, the results
compare rather well. The stress intensity factors at the tips
of a kinked crack are given in Figures 3-6. Figures 3 and 4
show the variation of the normalized stress intensity factors
with respect to crack length ratio Lp/Ly whereas Figures 5
and 6 display the same results with respect 1o the angle 6.
Results are obtained for orthotropic as well as isotropic
materials,

it is seen that (Figures 3 and 4) for a fixed angle 9,
normalized ky(d) and ko(d) decrease with increasing
Lo/Ly, however the strain energy release rates increase
with increasing Lo/l (Figures 7 and 8). So there is a very
small chance for crack arrest, as it is ilustrated for the 30°
plate. On the other hand for varying angle 8 (Figures 5 and
6), ki1(d) decreases while k2(d) first increases then
decreases with increasing 8. For this case ..c total strain

energy is not a monotonous function of & ‘Figures 9 and
10). Thus the resistance to fracture may strongly depend on
the direction of reinforcing fibers. it may be seen that (Figure
9) for isotropic materials G is a monotonically decreasing
function with increasing 0, while for the orthotropic matenal
used in the calculations (Figure 10), G first decreases then
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increases due 10 strong influence of modu-ll component of
the strain enefgy release rate.
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Figure 1. Superposition Scheme for the Infinite Composite Plate with Two Embedded Cracks.

Table 1. Material constants for orthotropic plate.

E, 21.08 e+06 psi.
E; 1.5 e+06 psi.
Gt 0.98 e+06 psi.
Viv 0.3

o {sotropic

- orthotropic

0 0 tf P | > & 1 A P i i A L A i
0 10 20 30 40 50 60 70 80 90
B (in degrees)

Figure 2. Variation of the Stress Singuiarity Power (- {}) with
the Angle 0.
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[28] S. Krenk, "Influence of Transverse Shear on an :
Axial Crack in a Cylindrical Shell", Int. J. Fracture, o
Vol. 14, pp. 123-143, 1978. "
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Table 2. Comparison of present solution with .
references for the special case of isotropic ™
material. E
0 k1Ca) | k2(e) | k10 | k2(a) o
('_{
[24] |1.3559] 0.0327|1.0873/0.6833 2
30°| [25] |1.3508| 0.0325(1.0830(0.6804 g
)
Present|1.3421|0.0328(1.0949(0.6855 ‘~
[24] |1.2502}0.0211|0.7463/0.8405 -
f‘-'

45'| [25] |1.2887]0.0208|0.7438|0.8377 N
Present|1.2732| 0.0217]0.7546|0.8450 ~
o~
[24] |1.2221]-0.0109(0.3900|0.8319 S

60" [25] {1.2194[-0.0116[0 3622(0.6292 )
N

P - N
resent|1.2082(-0.0108/0.3941|0.3350 )
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Figure 3. Variation of the Normalized Stress Intensity
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Figure 5. Van=tion of the Normalized Stress Intensity
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A COMPREHENSIVE STUDY
ON DAMAGE TOLERANCE PROPERTIES OF

NOTCHED COMPOSITE LAMINATES

Appendix Il
A Criterion for Mixed-Mode Matrix Cracking

in Graphite-Epoxy Composites

Paper presented at the ASTM 9th Symposium on Composites, Reno, 1988;
also to appearin ASTM STP.
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A CRITERION FOR MIXED-MODE MATRIX
CRACKING IN GRAPHITE~-EPOXY COMPOSITES

W. Binienda, A. S. D. Wang, Y. Zhong and E. S. Reddy
Department of Mechanical Engineering
Drexel University
Philadelphia, PA 19104

ABSTRACT: In this paper, mixed-mode matrix fracture in
graphite-epoxy composites has been studied. Experimental
investigation was conducted on a family of doubly side-notched
unidirectional of f-axis specimens. By varying the notch depth and
the off-axis angle, a total of 28 fracture conditions of differing
mixed-mode ratios was produced. Fracture analysis of the test
data suggested that the total strain energy release rate is o
suitable material condition for mixed-mode matrix cracking n
graphite-epoxy COmposites.

KEYWORDS: graprite-epoxy, mixed-mode matrix fracture, strain
energy release rates, finite element analysis, mixed-mouv
fracture criterion.

Structural composites, notably laminates made of unidirectionzl Lape
systems, can sustain extensive natrix cracking before the load carrying rivers
rail. Matrix cracking usually occurs at low stress level due to weak intertuciyl
pond strength between matrix and fiber, and between laminating plies. Thus,
propagation of matrix cracks In larinates either follows the fiber-n.atrix
interface or the ply-to-ply interface, or both.

Fi1g. | is an x-radiograph taken from a graphite-epoxy [02/902]s laminate
having a center-notch. wWhen the laminate i1s loaded in uniaxial tension,
extensive damage in the form of matrix cracks near the notch can be obscrved.
AL this phenomenological scale, matrix cracking can be classified into two
major modes. Namely, the Intra-ply cracking (fiber-wise splitting) which

occurs inside a ply and propagate along the fibers; and the inter-ply cracking
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N (delamination) which occurs in the interface between two adjacent plies.

In Fig. 1, the four vertical cracks were initiated first near the hole and

d then propagated along the fibers in the 09-ply. The driving force here 1S the :
* interfaclal shear due to load-transfer from the fiber bundle cut by the hule to ;
8 thie fiper bundle which is uncut. Because of the constraint stemming from :
ponding between the 00 and the 900 plies, the vertical splits propagated tably ;
: with the applied tension. ’
. AS the vertical cracks propagated away from the hole, another rivde of

E load-U ansfer then took place between the cracked 09-ply and the uncracked :
: 900-ply. Secondary inter-ply stresses along the roots of the vertical cracks |
were then induced, which then nitiated delamination in the 0/90 interface, :
\ Fracture analysis of the cracked specimen at each major form of
x cracking reveals that the corresponding crack-tip stress fields are complex and
,. the associated propagation involves both opening and shearing modes.

: Model simulation for intra-ply fiber-wise matrix cracking and inter-ply :
? delamination has recently been performed using the strain energy release rate .'
' method [1]. This method, when limited to mode-1 propagation conditions, has f
proven useful for modeling brittle matrix cracks in graphite-epoxy systeins. In
’ such cases, It is necessary to determine the strain energy release rate 6, at 3
the crack front as driving force, and to validate the corresponding criticyl ,
strain energy release rate 6 as material resistance [1)
y MIXED-MODE FRACTURE CRITERIA

: As tllustrated in Fig. |, most rnatrix cracking in laminates involves

E mixed opening and shearing modes. However, the applicabilty of the criergy
L release rate criterion to rixed-mode cracking has nct been as rnirmly

; established. :
i Several studies aimed at establishing criteria for mixed-rnode natrix r
' 2
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N cracking In unidirectional laminates have been conducted In the past using 0
graphite-epoxy composites. Wilkins, et. al. [2] and Ramkumar, et.al [3] used the
! cracked-lap shear specimen loaded in uniaxial tension to induce mixed mode-|
and mode-11 delamination between the lap-layer and the substrate layer. By 3
o varying the thickness of the lap-layer relative to the substrate layer,
b mixed-mode ratio, 6),/G, ranging from 0.35 to 0.45 could be obtained. They :
R y
opserved that the total strain energy release rate (G *Gy)). obtained under X
2 mixed-mode conditions is slightly greater than G,. obtained under pure nioge-| "
»
4 :
" conditions. Bradley and Cohen [4) used a cantiliver split-beam specimen lvaded r
by a palr of upward and downward loads applied at the tip of the cantiliver. v
y Variation of the mixed-mode ratio 6;,/6| was achieved by changing the rutio of
v 3
.= the upward and downward loads. Mixed-mode conditions with G;/G; ratios 4
{; ranging from O to about 0.6 were produced. They observed that, in cornpusite
'v systems made of brittie matrix, the measured total strain energy release rate 4
‘ (G)*6) )¢ Increased with G;,/G|; but it decreased slightly with G, /5, In H
- systems of ductlile matriz. Wang, et. al. [S) used a double side-notched, or1-axis 3'_
, unidirectioal laminale specinien loaded in axial tension. By varying the ,_
off-axis angle from 09 to 90° ana the depth of the notches, mixed-riude ~
conditions with 6|,/6, ratios ranging from O to about 2.5 were achieved Tney )
found that the total strain energy release rate (6,+G)). increased with 6,/
; up to about Gy/Gy = 1.5; it then remained constant for G,,/G| between 1.5 und :
2.5. o

Russell and Street (o] used specimens of four different configurations
and obtained critical strain energy release rates for a wide range of

mixed-mode cracking conditions, including pure mode-Il cracking. They chowed
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that the critical strain energy release rates depended on the test specimien and
test method used; hence, a general criterion for all the mixed-mode matrix
cracking cases tested could not be established.

One possible reason for the lack of a general criterion has been
attriputed to the manner in which fracture analysis of the test specimens was
performed. In the case of a beam-like specimen, the approximate beam Uicory
was employed, while in the case of the plate-like specimen, a finite element
plate model was constructed. These analysis methods lacked the required
precision to treat complicated singular stress fields, to simulate the uctual
loading conditions or to properly represent the exact configuration of the
cracked specimens. Signiticant numerical errors could result in the computed
fracture quantities, especially for mixed-mode cracking.

Another possible reason stems from uncertainties about the fracture
mechanisms associated with pure mode-11 cracking. Specifically, ideally pure
mode-tl cracking is difficult to simulate by tests. In actual experiment, pure
mode-11 propagation is often accormpanied by some amount of friction between
the cracked surfaces. The fracture analysis models do not include any such
friction mechanisms. A separate criterion may be needed for pure mode-Il
cracking.

THE PRESENT INVESTIGATION

In this paper, a mixed-mode criterfon Is suggested for matrix cracks
propagating in graphite-epoxy composites. This criterfon 1S based on analysis
of test data using specimems of varying cracked configurations, which provide

niixed-mode fracture conditions with G;,/6 ratios ranging uniformly froii O fo
about 3. The case of predominantly mode-i! (G”/G! > 3) or pure mode-11 (G - Q)

15 excluded. Fracture analysis of the test specimens is performed using & tiite

elernent crack growth simulation model, as exact solutions for the tes
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specimen configurations cannot presently be obtained. The accuracy of the
simulation model is, however, adjudicated by comparing results of problems of
similar crack configurations whose solutions can also be found rigorously.
Experiment

The specimen used in the experiment is a notched off-axis tension
coupon prepared from a unidirectional laminate made of Hercules AS4-3501-06
graphite-epoxy prepreg tape. Fig. 2 depicts the general configuration of the
coupon. The overall dimension is 23 ¢m long and 2.5 ¢cm wide. Excluding the 4
cm end-tabs, the clear section of the coupon is about 1S ¢m in length. The pair
side-notches are introduced at the mid-section by an 8-mil (0.2 mm) thick
diamond saw.

The depth of the side-notch a and the off-axis angle 6 (between the
applied tension and the direction of the fibers) are varied in the test program
as follows:

6= 00,59, 100, 159, 200, 250, 900
a= 25mm, 3.2 mm, 3.8 mm, 4.5 mm

As depicted in Fig. 3, the coupon can initiate a kink crack (denoted as a")
at the side-notch tip and propagate in the fiber direction when the applied
tension 0¢ reaches some critical value. The propagation is generally mixed
with rodes | and Il. The degree of mix is determined solely by the angle 6, ir
the notch depth a is held constant. Conversely, if 8 is held fixed, the critical
applied tension at the onset of the Kink fs determined by the notch depth, a.

In this experinent, a total of 28 mixed-mode fracture conditions were

Created by varying 8 and a as mentioned. This has provided fractures with

6y)/6 ratios ranging uniformly from O to about 3. It should be noted that

mitxed-mode matrix fracture In such a wide GH/G| ratio range has nut bieen

previously investigated.
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In each of the 28 mixed-mode fracture conditions, three to four test
. specimens were used, with the exception of one case (notch depth = 3.8 mm)
\ where only one specimen was available for some of the off-axis angles.

The tests were conducted in room temperture on a close-loop Instron
tester with a load rate of 1800 Kg/min. The critical load at the onset of the
Kink crack was recorded on a strip chart. Figs. 4,5 and 6 show the experiiental
plot of critical laminate stress versus the off-axis angle 6 at the onset of thie
Kink crack for specimens of side-notches 2.5 mm, 3.2 mm and 4.5 mm deep,
respectively. The case for a = 3.8 mm is not shown because of insufficient
' numbers of test specimens.

It is seen from the test results that the critical stress, dcr, at the onset
of the Kink decreases sharply with the off-axis angle 8 when the notch depth is
held constant. Similarly, the critical stress also decreases with the increase
of the notch depth, a when the angle 6 is held constant.

Post-test SEM examination of the fractured surfaces under SCOx to
1000x magnifications revealed extensive fiber breaking in the wake of thic kink.
Fig. 7 presents two such pictures taken near the kink point. Fiber breaks are
visible in all cases. It is believed that the observed fiber breakage is due to the
good bond between the matrix and the riber, resulting in fiber nesting and/or
riper bridging accross the kink path.

Finite Element Analysis

The experimental mixed-mode kinking problem s next simulated by the
finite element routine. As rentioned earlfer, the simulation model must be
adjudicated for it's accuracy. In the interest of conciseness, however, details
of this development will not be discussed In this paper. Interested readers are
referred to Ref. {7].

Y Return to the off-axis doubly side-notched coupon section shown in Fig.

! 2. The unidirectional laminate will be assumed an elastic, homogencous and
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orthotropic plate having constants in the principal matertal coordinates (L,T)
determined as follows:

E =1450pa E4=1030Gpa G 7y=6706Gpa v 1=03
Now, let the coupon be loaded by the far-field strain, ex. At some
critical value of ex, the stresses near one of the side-notch tips are ascumed
to cause a kink emanating from the notch tip and propagate stably in the
direction of the fibers. Of interest is when the length of the kink is Small
compared to the notch depth a. Then, the mixed-mode strain energy relezse

rates Gy and Gy at the Kink tip are assumed to control the behavior or the

initial Kink. The values of G and G, are calculated by the finite element
routine via a crack-closure technique. These can be conveniently expressed in
terms of the applied far-field strain in the form:

G|=C|(ex)1’ G||=C“(9x)2 (1
where C, and C, are coefTicients from the finite element caiculations.

Figs. 8 and 9 show, respectively, the coefficients Cl and C,| piotted

agalnst the off-axis angle 6, and with the stde-notch depth a as an independent
parameter. It is seen that the kink is mixed in fracture modes for off-axis
angles up to 30°. Beyond 309, the fracture 1Is essentially mode-1. Variation of

the mixed-mode ratio, C;/C,, with the off-axis angle 6 is shown in Fig 10.

This ratio depends principally on 8, and is almost independent of the notch
depth a. ‘

Snce for each test coupon the critical stress ger at the onset of the Kink
was measured experimentally. The corresponding critical strain (ex)cr can be

calculated by dividing e Dy the coupon's axial modulus, Ex. Then, using the

values ¢f €y and C)), the critical strain energy release rates (G))er and (G er at
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\ the initial kink for each test case can be calculated viaEq. 1. ,f
‘ For test cases where G, dominated, the deduced (G))cr IS Clearly ). ',.
\ ~
However, for the cases where both mode-1 and mode-ll were present, a :

Bt

combination of (G))er and (G, )cr in SOMe form would control the behavior of the :

kink. Fig. 11 is a diagram depicting the interactions between (Glcr and (G per N

determined from all the test cases. ?_

Though the test data show some degree of scatter, the overall trend E

indicates that the total strain energy release rate (Gyler remain more or less a ;

.

constant. This strongly suggests that (Gyder or G essentially controls the -

l\

behavior of the kink, including the special case of mode-! fracture. )

Of course, this suggestion is based only on mixed-mode fraCture data \

with G;;/6; ratios ranging from O to about 3. In this range, pure mode-ii or .
predominantly mode-1i fracture is not included. 5

>

It is also noted that, for graphite-epoxy composites, critical strain N

Kd

energy release rate data for matrix fracture have mostly been limited to Gy I~

o™

Genrally, the measured values for G, 1te in the range between 120 to 260 J/m? ;

e

depending on the material system used. In this study, G, has the value in the ‘

: order of 300 J/m2. This seems to be on the high side compared to most other o
accepted values. However, in the present tests, fiber breakage in the wake of Py

<.

matrix cracking was detected in all cases. This could account for the higher ;
measured value for G, . o
N

CONCLUDING REMARKS ;

In this paper, mixed-mode matrix fracture in graphite-epoxy composites -

has been studfed using a doubly side-notched, unidirectional off-axis specimen. '{

This specimen has a configuration which {s simple to fabricate and versatile In :
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geometrical vartation. As a result, a total of 28 mixed-mode fracture

conditions could be produced, which yielded a set of G;/6 ratios covering

uniformly from O to about 3.
Based on this data, a more definitive conclusfon could be reached
regarding the criterion for mixea-mode matrix fracture. Spectfically, the total

strain energy release rate Gy, appears to be a suitable criterion. This

criterion, however, may not be applicable to pure mode-Il or predominantly
mode-11 matrix fracture. The latter may involve additional energy dissipating

mechanisms such as friction. If so, a separate criterion may be necessary.
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Fig. 1. X-radlograph of wiatric crack development in a notched [02/902)s
graphite-epoxy laminate loaded in axial tension
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Three-Dimensional Simulation of
Crack Growth in Notched Laminates

A.S. D. WANG, E. S. REDDY AND YU ZHONG

ABSTRACT

This paper discusses the matrix cracking sequence in a [02/902]s
graphite-epoxy laminate with double-side notches. Experiments were
performed on specimens loaded in uniaxial, quasi-static tension. The specimens
were inspected at ascending load increments by x-radiography for patterns of
matrix cracks caused by stress concentration near the notched rigion.

A numerical procedure based on a 3-D finite element method was then
developed to simulate the observed matrix crack initiation, crack interaction
and load-dependent crack growin sequence. The simulation begins with an
analysis of the 3-D stress field near the notched region. This is followed by a
search of possible modes of matrix cracking and the associated condition for
propagation. The concept of brittle fracture is invoked to provide the necessary
criterion for identifying the appropriate cracking modes and for determining

the associated critical loads for their initiation. A comparison between
experiment and prediction IS presented.

INTRODUCTION

For a class of structural 1aminates, initial material damage involves two
basic forms of matrix cracking (1] One form is referred to as intraply cracking
where a ply, or a layer of several plies of like fiber orientation, suffers a
through-the-thickness crack along the fiber direction. Take the [02/902]s
laminate coupon under uniaxial tension as an example. A fiber-wise crack in the
inner 90°-1ayer, known as transverse cracking, is a case of intraply cracking.

A. S U. Wang, E. S Reddy and Yu Zhong , Professor, Post-doctoral Fellow and
graduate student, respectively, Department of Mechanical Engineering and
Mechanics, Drexel University, Philadeiphia, Pa. 19104
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Similarly, a fiber-wise crack in the outer 09-layer, known as
longitudinal splitting, is also a case of intraply cracking. The other basic form
15 referred to as interply cracking where two adjacent plies suffer a
separation in their interface. A delamination in the 0/90 ply interface of the
{02/902]s laminate coupon mentioned above is a case of interply cracking
These two basic forms of matrix cracking may occur independently or
interactively, depending on the manner of loading and the lamination structure
(2] Generally, one or both of these cracking modes occur before the
load-carrying fibers break.

The initiation and growth mechanisms of intraply and interply matrix
cracks, when occuring independently, have successfully been described within
the frame work of anisotropic ply elasticity and the fracture theory of brittie
cracks [3,4). A 3-dimensional treatment based on the same analysis concept
was recently applied to laminates where the two basic cracking modes occur
interactively [S] In these previous studies, the laminate configuration was
that of a straight flat coupon, where free-edge effects dominated the
mechanisms.

in this paper, we use laminate coupons with double-side notches to
study the formation of interactive matrix cracks that emanate from the notch
rather than from the free edge. Since the notch is orientated normal to the
applied tension, a very strong stress concentration is induced near the
notch-tip. Thus, the intensity of concentration is sentitive to the depth of the
notch and alters the matrix cracking characteristics.

Experiments were performed on specimens made of a graphite-epoxy
jaminate in the form of [02/902]s tension coupons with side-notches of
various depths. For each test specimen, matrix cracking patterns near the
notch-tip were inspected by x-radiography at prescribed ascending load
increments in order to obtain a load-sequence of the matrix cracking events.

A nurnerical procedure based on a 3-D finite element method was then
developed to simulate the observed load-dependent crack growth. The
simulation is based on the strain energy release rate analysis method for
non-interactive matrix cracking [3,4] and interactive matrix cracking [S)

A comparisons is made between the predicted load-sequence of events
and those recorded experimentally for specimens of different notch depths.

EXPERIMENT

The material used in the experiment was the AS4-3501-06 graphite-
epoxy unidirectional systern. [02/902]s laminate panels were made using an
autoclave curing procedure. Test coupons were cut from these laminate panels,
with dimensions of 254 mm wide and 228.6 mm long; the specimen thickness
was about 1.016 mm. Double side-notches were introduced at the mid-section
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3 of the coupon by an 8-mil (0.008 in.) diamond saw. Specimens of four notch 3
depths were 50 prepared (2.54 mm, 3.175 mm, 3.81 mm and 4.445 mrn).

Tensile loading was applied to the test specimen through an Instron
tester with the cross-head speed set at 0.25 mm per minute. At prescribed y,
ascending load increments, the specimen was x-radiographed at the notched )
h section in order to determine the developing matrix cracking patterns :

For all the specimens tested, the x-radiographs revealed three major
forms of rnatrix cracking during loading. In order of their occurrence, these
include longitudinal splitting in the 0C-layer which ermanates from the
notch-tip, transverse cracks in the 909-layer along with the pregressicn of
0%-layer splitting and, at some higher load, 0/90 interface delamination
growing stably aiong the length of the 09-layer splitting boundary.

Fig. 1 is a sketch of the developing cracking pattern from a specimen b
with side-notch 3.175 mrm deep. It is seen that at the laminate stress of 112
‘ Mpa, a pair of 0Y-layer splits of measurable length ernanated from tne

notch-tip. Initially, the split at one notch-tip grew upward while the split at
P the other notch-tip grew downward. The growth was extremely stable. At 172
: Mpa, splits in four directions emerged from the notch-tips; and a few
; 90°-Iayer transverse cracks appeared between the parallel <plits. The
' 00-1ayer splits grew in length while the 90%-layer transverse cracks grew in
. numbers as the laminate stress increased; see sketch corresponding to 259
. Mpa. Then, while the splits were still growing, a measurable 0/90 interface
. delamination initiated along the split boundary near the notch-tip, see sketch
b, corresponding to 319 Mpa. The delamination grew stably as the larninate
stress increased,; see sketch corresponding to 345 Mpa. The specimen ruptured

. through the notch section at laminate stress well beyond 600 Mpa.

Fig. 2 is a plot of the measured length of the 00-layer split versus the
laminate stress, using data from two test specimens having notch depth of
3.175 mm. The scatter in the data is due to variation of the split lengths in
four directions. The mean length is taken as the average of the splits in four .
directions. The laminate stress levels at which 0%9-layer splitting, 90°-layer ~
. transverse cracking and 0/90 interface delamination initiated were all
3 recorded. 7
4 Fig. 3 is a plot of the measured 0/90 interface delamination (in area) 2
versus the laminate stress from the same two test specimens. The
delamination area at different load increments were measured from prints of :
x-radiographs using an Lemont Scientific image analyzer. The procedure 7
involves magnification of the delamination area by a high resolution video 3
camera which traverses the contour of the delamination. The scatter of the
measured values 1S due to the variation in areas from the four branches of s
y delamination. From the plot, onset of 0/90 interface delamination may be 5
. extrapolated. In this case, delamination onset had occurred at about 260 Mpa. p
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Table 1 summarizes the onset stresses of the three major forms of
matrix cracking from specimens of four notch depths. It is seen that for each
form of matrix cracking, onset stress decreases with increase of notch depth.
This 15 expected because the deeper the notch the larger is the stress
concentration at the notch-tip.

SIMULATIONS

The Finite Element Model. To simulate the specimen used in the
experiment, let us consider the [02/902]s laminate having double side-notches
at reqular interval as shown in Fig. 4a Assume that these double side-notches
are spaced so far apart that they do not interact with one another. Then a
periodic element of the laminate which contains only one pair of notches is
isolated as shown in Fig. 4b. This element thus represents the test specimen.
Note that the laminate is symmetric with respect to the laminate mid-plane
(the x-y plane), and the y-axis lies in the plane of the notches. Hence, it Is
sufficient to model one-eighth of the element shown in Fig. 4b. A schematical
finite element mesh is shown in Fig. 4¢. Due to expected stress concentration
near the notch-tip and ply interfaces, a finer mesh is always deployed in these
regions.

The finite element routine was developed based on the assumption that
the unidirectional ply is an elastic, homogeneous and orthotropic medium. The
elastic and other pertinent material constants for the AS-3501-06 system
were characterized by routine tests [6], and their values are listed in Table 2.
Solutions for stresses and other quantities, such as strain energy release
rates, were obtained by employing a 21-node brick element. The actual
computation was carried out on VAX-11/7350 and Cray X/MP computers. These
and other computational details are found in [7].

Notch-Tip Stress Fields. The laminate stress fields were calculated for
two types of loading. The first is by prescribing a far-field laminate strain of
ex= 1076, and the other is by prescribing a uniform temperature change of AT =
-19C. Stresses due to applied laminate tension (by giving a value for ex) and
larninate post-cure cooling (by giving a value for AT) can then be obtained by
superposition.

Although there are six stress components at each finite element node, it
is of interest to examine only those components that are responsible for the
observed matrix cracking initiation.

First, let us examine gy in the 09-1ayer. This stress is thought to cause
0%-layer split, which in fact was observed as the first mode of failure under a
very low tensile loading For the case of ex= 1078, gy is tensile throughout the
thickness of the 0°-layer near the notch region. Its value varies from the top to
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the bottom of the layer, with the minimum occurring near the 0/90 interface.
Fig. Sa shows the oy distribution in the 0%-layer near the 0/90 interface for
the specimen having notch depth of 3.175 mm. A sharp rise of gy In tension 1s
seen to occur at the notch-tip, displaying a singular behavior. A similarly
behaved in-plane shear stress Txy i5 also present at the notch-tip; it's planar
distribution near the 0/90 interface is shown in Fig. Sb. The concentration
intensities of gy and Txy at the notch~tip are about the same.

For the case of AT = -1°C, gy is also tensile throughout the 0%-layer. Fig.
Sc shows the gy distribution in the 0%-layer near the 0/90 interface. Here,
stress concentration due to the notch is much less. But, by the magnitude of
this stress throughout the 0%-layer is quite large. Thus, the combined tensile
and thermal loading will cause the 0%-layer splitting to be in mixed modes.

Next, let us examine 0x In the 90°-layer. This stress causes 90-layer
transverse cracking. Again, for the case of ex= 1076, this stress is tensile and
varies throughout the thickness of the 900-layer near the notch region, with
the minimum occurring near the 0/90 interface and the maximurn at the
mid-plane. Fig. 6a shows the ax distribution in the 90%-layer near the laminate
mid-plane for the specimen having 3.175 mm notch depth. it is sean that a
sharp tensile stress i1s again developed at the notch-tip.

Similarly, for the case of AT = -10C, ax in the 90%-layer is also tensile
with significant magnitude; but stress concentration caused by the notch is
minimal, Fig. 6b. Other stress components also exist in the 90°%-1ayer near the
notch-tip; but their magnitudes appear to be negligible.

Finally, the nature of the interlaminar stresses (0z, Txz, Tyz) should be
examined because these stresses are responsible for interface delarmination.
For the sarme specimen considered under ex = 1076 loading, its gz distribution
on the 0/90 interface is shown in Fig. 7a, while distribution on the 90/90 plane
is shown in Fig. 7b. It is seen that gz can be tensile and of significant
magnitude; but it exists only near the notch-tip. As for 0; caused by thermal
cooling, the associated magnitude for 0z is relatively small. Similarly, the
interlaminar shear stresses, Txz and Tyz also exist with highly localized
magnitudes at the notch- tip.

From the above analysis, 1t appears that 0°-layer splitting and 900-
layer transverse cracking are equally likely to occur, while the likelihood for
interface delamination 1S comparatively smaller. However, judgement
regarding relative occurrence of these cracking events cannot be made based on
the computed stresses, as they all display some degree- of stress
concentration. In what follows, we attempt to simuiate the onset of the
observed cracking modes from a fracture point of view.

Simulation of 0%-Layer Splitting. To simulate the iritiation and growth
of 0%-layer splitting, we shall assume that 90%-1ayer transverse cracking will
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not simultaneously occur. Then, at the notch-tip, we issue a small 00-layer
split of length so as shown by the insert in Fig. 8. This small split represents
an effective flaw which exists at the notch-tip and propagates to become a
O°—layer split whenever a certain condition is reached. Under a constant
far-field strain loading, the split is assumed to propagate stably to reach a
fength s > so. Thus, the finite element simulation is to calculate the split-tip
stresses and the associated fracture quantity. For the latter, we calculate the
split-tip strain energy release rate G as a function of the split length, s.

As was mentioned earlier, the tensile normal stress oy and the in-plane
shear stress Txy in the 0%-layer are the major stress components causing
splitting. Fig. 8 is a plot of the split-tip stress gy versus the split length, s,
for the specimen having 3.175 mm side-notches subjected to ex = 1076 loading.
It 13 seen that gy is larger when s is small, but it deceases sharply with
increate of s. On the other hand, the associated shear stress Txy (not shown)
became relatively more dominant with increasing s.

When subject to thermal cooling of AT = -19C, gy in the 0%-layer is als0
tensile, see Fig. Sb. But variation of gy at split-tip due to growth of spht is
rather insignificant.

To facilitate a prediction for the load versus split-growth relationsnip,
we then calculate the split-tip strain energy release rate, G(s). This quantity
15 conveniently expressed in terms of the loads ex and AT {S):

G(s) =[/Ceex+ J/Ct AT} (1)

where AT represents thermal cooling and d is a length scale which is set at
unity in this study. The coefficients Ce and Cy are functions of s and represents
the strain energy release rates, corresponding to ex=1 and AaT=-10C,
respectively.

F1gs. 9a and Sb show, respectively, the coefficients Ce and Ct versus the
split length s for the specimen with 3.175 mm notch depth. It is seen that Ce
and Ct both contain mixed modes. However, Ce iS predominantiy of mode-If,
while Ct predominantly of mode-|. When the two load agencies are combined, as
in Eq. (1), 2 mixed-mode cracking of approximately equal ratio results. Note
that the overall strain energy release rate is one which decreases with the
split length, s; This indicates a stable splitt'ing growth, a behavior consistent
with that observed in the experiment.

The load versus split-growth relation is derived from the fracture
criterion,

G(s) = Gc (2)

where G¢ is the critical strain energy release rate for mixed mode cracking
Assume that the value of AT is given. Then, by combining Eqgs. (1) and (2) we
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obtain the critical laminate strain (ex)er a@s a function cf split length, <

For the materal system used in this study, AT and the mixed rmode G.
have been determined elsewhere [0); and their values are histed m Table 2
Thus, the predicted (ex)er can be converted to (Ox)er. For the specimen just
considered, the computed (ax)er versus s relations is shown by the <olid hine in
F1g 2. It 1s seen that the predicted result agrees well with the inttial portion
of the experimental split-growth data, where the splitting wact not yet
significantly complicated by the gevelopment of 900-layer transverss cracks
The predicted curve, however, departs away from the observed results as
909-1ayer transverse cracks developed In higner density. To include the effects
of these transverse cracks on sphit growth will require a raajor modification of
the sirulation rodel

The predicted onset stresses for 00-layer splitting for specimens of
four notch depths are listed in Table 1 along with their experimentai
counterparts. In altl cases, the model seemns to predict well the initiation of the
splitting.

Simulation ¢f 0/90 Interface Delamination. Delamination of the (/90
interface takes place at much higner load. Once initiated, 1t grows stably along
the boundary of the Oo—layer splits. The delamination pattern 1= shown
schematically in Fig 10 As we haye observed in the experiment, 900-layer
transverse cracks actually formed continuously as the 0/90 interface
delamination grew, see Fig. 1. An analytical/computional simulation of this
complex interactive cracking phenomenon, though not impossible, 15 quite
tedious and probably not fruitful Thus, a simplified version 1s atlernpted
instead. Namely, we shall assume that only 0%-layer sphitting procedes the
initiation of the 0/90 interface delamination and the effect of GGP-layer
transverse cracking is negligible.

The simulation follows a similar procedure as used for 0C-layer
splitting. A set of densely meshed finite elements 1s deployed near the
intended delamination region, double nodes are assigned on the plane of
delamination and these are then released in sequence sSo as to mimick the
actual growth pattern observed In the experiement. In the node-releasing
process, the fracture energy release rate coefficents, Ce and Ct are computed
as functions of the delaminated area (7] Figs. 11a and 11b show, respectively,
the computed Ce and Ct coefficients versus deiamination area for the specimen
having the notch depth of 3.175 mm.

From the energy release rate curves, it is seen that the delarniantion is
primarily of mode-11i under the applied tenile loading (ex=1), whtle primarily
inmode . | and |1 under thermal cocling (aT==19C). Thus, the combined effect 15
again one of mixed rodes. The overall energy release rate, however, decreases
sharply with ncreasing delamination area, indicating a stable growth This is
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also consistent with the benavior observed in the experiment.

Using the computed energy release rate coefficients, stress levels
corresponding to the prescriped delamination node-releasing sequence can be
predicted by means of Eqs (1) ana (2). For example, in the case of the specimen
having notch depth of 3.175 mm, the predicted delamination growth curve 1
shown by the solid line 1n Fig 3 Here, again, the agreement between prediction
angd experiment is quite ciose for the imtial porticn of the delaminaticn
arowth Apparently, as the delarmination grows larger, many transverse cracks
are formed in the 90%-layer; the associated cracking mechanisms then becomes
rmore complicated than the model has portrayed.

The critical stresses for 0/90 delamination in specimens having- other
notch depths were also computed. These are listed in Table | for comparison
with their experimental counterparts.

CONCLUSIONS

In this paper, we have preseriied a method of simulation for rnatrix
cracks that develop in laminate specimens having double side-notches. The
analysis entails a 3-D stress analysis and computer simulation of fracture
growth near the notched region. The purpose of the study is to understand the
darnage mechanisms at a level below the lamination structure. The actual
specimen chosen for analysis could represent a critical element [8] in a large

laminated structure whose global strength and/or fatigue properties are to be
evaluated.

Acknowledgments: Results reported in this paper were obtained during the
course of research supported by a grant from the Air Force Office of Scientific
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Table 1. Experimentai and Predicted (in parenthesis) Onset Stresses

Notch Deptn 2.54 mm 3175mm 381 mm 4.445 mrm

0%-1ayer 100 Mpa 75 Mpa 60 Mpa 60 Mpa
Split (80 Mpa) (70 Mpa) (60 Mpa) (60 Mpa)
900-1ayer

Transverse 170 Mpa 160 Mpa 150 Mpa 150 IMpa
Crack

0/90 interface 350 Mpa 260 Mpa 225 Mpa 220 I'pa
Delamination (300 Mpa) (230 Mpa) (200 Mpa) (180 IMpa)
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Tabie 2. P

ertinent Material Constants for AS4-3501-06 UD Ply

U =V g ® 0.3

AT =-1400¢C

Ery = EZZ =103 Gpa GLT = GLZ = 6.8 Gpa Gy, =3506pa
Vr7 =094 o =04x1076/0C  ay=a, =28.8x1076/0C

(Go)toral = 289 J/m?  Ply Thickness = 0.127 mm

112 MPa
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A COMPREHENSIVE STUDY
ON DAMAGE TOLERANCE PROPERTIES OF

NOTCHED COMPOSITE LAMINATES

Appendix IV

Simulation of Matrix Cracks in Composite Laminates

Containing a Small Hole

Paper presented at the ASME Winter Annual Meeting, Boston, 1987,
Also in Damage Mechanics in Composites, AD-12, ASME, 1987. pp. 83-91.
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SIMULATION OF MATRIX CRACKS IN COMPOSITE LAMINATES CONTAINING
A SMALL HOLE

E. S. Reddy, A, S. D. Wang, and Y. Zhong
Drexet University
Phitadelphia, Pennsyivania

ABSTRACT

This paper studies the matrix craching sequence in
[00/900)5 graphite-epoxy laminates that contain a small
central hole. Experiment was performed first  using
specimens loaded in uniaxial, quasi-static tension, followsd
by inspections of the specimen at saveral prescnbed
loading increments by means of x-radiography. The
inspection provides a quantitative measuremant and a
physical analysis of matrix cracking pattems near the hole.

A numerical procedure based on a three dimensional
finite element method was then employed to simulate the
observed maltrix cracking patterns, including their initiation
and growth behaviors. Here, the theory of ply ela-ticity and
the concept of brittle fracture are used as basis for the finite
element simulation.

A comparison between the
expenmental results is presented.

simulated and the

1. INTRODUCTION

Failure analysis of fiber-reinforcod composites has
altracted increased interest in recent years. Application of
composites in high-performance awcraft and spacecraft
structures has led the researchers to carry out intensive
experimental and theoretical studies on 1ailure mechanisms
in a variely ot composite materials. For a special class of
composites, namely, polymeric laminates made by
laminating unidirectional continuous fiber systems, lailure
iniiaion usually involves some forms of matnx cCracking.
When viewed at the laminating ply level, these can be
classified into two basic farms. One basic lorm is known as
intraply cracking, where a ply or several plies of the same
fiber onentatich that formed a layer, suffers a through-the-
thickness crack along the fiber direction. A simplg example
of intraply cracking is found in a {0/90]¢ type laminate under
axial (ension, in which the inner 90%iayer suffers multiple
transverse cracks. The other basic form is interply cracking,

where two adjacent plies in the laminate sutfur a separation
in their interface. Free edge delamination in a [+45/0/90)g
laminate loaded in axial tension, for instuncu, providss a
case of interply cracking.

Studies of the individual growth mechunisms ot the two
basic forms of matrix cracking have been extensively
reported in the literature (see, 6. g. [1,2]). Intcractions of the
two basic forms of cracking were examinud parually in [3,4).
The problems studied in [1-3] concernud cracking
development in plain laminates, while thiv problem studied
in [4] involved laminates that contain sharp through-the-
thickness notches.

The problem ot laminates with a through-hole has also
attracted considerable attention. Effects of ply stacking
sequence (5] and ditferent material comitinations [G] on
global laminate strength reduction duc 1o presonce of a
small hole were among the early inturusls. Subsequent
analyses have focussed on the detailud Llruss distribution
around the hole, especially the interanminar stresses that
cause local delamination [7-9]. In these works, delumination
(interply cracking) is assumed to take pluce as the only
matrix cracking mode. Experiments using graphite-epoxy
laminates have shown, however, that the trst matnx
cracking form near the hole is usually not dulumination.

In the present study, wa use a [0p/905]; graphila-epoxy
laminate with a small central hole 10 exununu the ination
and growth patterns of matrix cracks nu.r thw holue. In this
case, a three dimensional stress analyvis asud on ply
elasticity  performed, which shows thatl scvere stress
concentrations along the hole boundary aru present, and
matrix cracks of different forms may initialy and propagate
at titese locations. At the same time, expunments perormed
on test specimens and inspected by x-radiogruphy at
different loading levels reveal the exuct suquunce of the
various cracking events. Thus, the purposu of this study is to
relate the experimental events with thu anulysis by means
of a finite element simulation. A companson is then mads
betwean the simulated and the experimentul rusults.
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2. EXPERIMENT AND RESULTS

In the experiment, test coupons were made from AS4-
3501-06 graphite-epoxy prepreg tapses. The lamination
stacking sequence was limited 10 [05/905]g.The dimensions
of the test coupons were 25.4 mm wide, 228.6 mun long and
1.016 mm thick. The radius of the central hole was 3.175
mm. Loading was applied axially on an instron tester, with
the cross-head speed set at 0.25 mm per minute. The
loaded specimens were periodically inspected by DIB
enhanced x-radiography.

Experimental results show three major torms of matrix
cracking that emanate from the hole during loading. In their
order of occurrence, these are (1) horizontal transverse
cracks (intraply cracking) in the inner 90%layer in the
immediate region ot the hole initially, and away from the
hole region subsequently; (2) vertical splitting cracks (also
a form of intraply cracking) in the outer 0%-layers emanaling
from the hole and propagating stably away from the hole;
and (3) delamination {interply cracking) in the 0/90 intertace
along the length of the 0%-layer splits, which displays a very
stably growth behavior. Figure 1 is a schematic illustration
of the cracking development patterns at five typical laminate
stress levels. It can be saen that a few (lwo or thres) 90°-
layer transverse cracks and an initial sign of 0%-layer splits
are present at about 276 MPa. At 379 MPa, four branches of
0%-spiitting nave already formed and propagated stably
towards the top and bottom of the specimen. Note that
propagation of the splits are accompanied by more 90°-
layer transverse cracks, see illustration at 465 MPa. At §52
MPa, delamination in the 0/90 interface has already
occurred along each of the four 0%-layer splits. While the
delamination grows stably with load, more transverse
cracks have formed and the fonger the 0%spiits have
grown, see illustration at 724 MPa. At this load level, matnx-
related damage around the hole is substantial; but no
signiticant tiber breakage has yet occurred. In fact, the
speciman can sustain a laminate stress of more than 1000
MPa before it breaks completely through tive hole section.

To evpress quantitalively the 0Dseivou nalrix cracking,
wo choose to display two separate cracking quantities in
terms of the applied laminate stress. The first is the linear
length of the 09-Jayer split and the second is the area of the
0/90 interface delamination. Since for each specimen there
are four branches of splits, which grow stably with load, a
mean length is obtained from measuring all four splits at
each load interval. Figure 2 shows the mean split length
plotted against the faminate stress (in MPa), where the data
are frum a sample of six spacimens. it is seen that the mean
split grows almost linearly with the applied laminate stress;
and by extrapolation of the data, we can deduce that the
onset stress tor 00-layer split is at about 120 MPa. The solid
line in the figure represents the simulated split growth. The
adequacy of the simulated result will be discussed in the
next section.

Similarly, Figure 3 shows the mean delamination area
measured from the same six spacimens (the areas were
measured from the x-radiographs using an image
analyzer). Here again, we see that the delamination growth
rate is quite slow initially but becomes rapid as the laminate
stress is increased. Data extrapolation yields the onset
stress at about 220 MPa. The solid line in this figure is the
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simulated results. However, we shall defcr the discussion
on simulation later in the next section.

3. SIMULATIONS AND RESULTS
The Finite £ M

The problem of a laminate with a single central hole
stems from the large composite strucCtural panel with bolt or
rivet holes. In these large structural laminates, the holes are
often periodically placed. Assuming that the holes are
located so far apart that they do not interact with each other,
then a periodic element of the panel containing only one
hole can be considered for analysis, see Figure 4a. For the
problem considered here, the lay-up of the specimen is
[00/900}g and the hole is placed at the laminute center.
Thus, it is sufficient 10 model one-eighth the specimen  due
to symmetry as shown in Figure 4b. Since stress
concentration is expected around the hole boundary, a finer
finite element mesh is deployed in this region in order 10
capture the true nature of stress concentration.

It is noted that the basis of the finite clement analysis is
the assumption of ply elasticity, that is that the graphite-
epoxy unidirectional ply is assumed as an elasltic,
homogeneous and orthotropic medium. The elastic and the
thermal expansion constants of the AS-3501-06 ply system
were characterised and given in [11]. The basic finite
element is a 21-node solid brick and the computation is
performed on a CRAY X/MP computer. Dutails of the
computational procedures are contained in a separate
user's manual [12].

Stresses Nearthe Hole Boundary

The laminate stress fields are calculatud for two types ot
loading. the first is by prescribing a far-huld laminate strain
of ex = 106, and the other is by prescribing a uniform
temparature change of AT = -19C. Stress due to combined
tension and temperature change can be obtained by
suporposition. The stress fieid near the hole boundary is in
a complicated three dimensional state. It is not of interast
here to examine all of the stress distnbutions in detail.
Rather, we shall display only some typical ones that are
thought to cause matrix cracking.

Figure 5 is a display of the xy-plane distribution for the
six stress components which exist in the 0%-layer near the
0/90 interface. Here, the largest stress is o, which is in the
fiber direction. But when compared to the ply strength in the
fiber direction this stress is rather insiyiiticant in causing
failure. Other stresses that may cause matrix failure are oy
and tx,. These two combined can cause longitudinal
splitting in this layer. The interlaminar shiuar stresses Tty
and 1, are relatively small but could precipitate 0/90
interface delamination.

Figure 6 is a similar display for the stressus in the 909-
layer near the mid-plane of the lamindle.Here, we see the
dominance of o, which is normal to thue fibers in this layer.
Concentration near the hole region will be certain to cause
transverse cracks. All other stressus however have
sacondary influence.

The above stress distributions are ccriputed for tension
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loading only. We also need the stress distribution due to
thermal cooling of the laminate in order 10 evaluate the
combined stress state. For the laminate used, AT is set at -
140 ©C. For simplicity however, we shall omit the display of
the tharmal stresses here.

From the stress analysis, it appears that 0%-iayer
splitting and 90%layer transverse cracking are equally
likely to occur first. However, because of the high stress
gradient near the hole boundary it is not possibie to make a
prediction as to which of these two forms of matrix cracking
will first occur. In what follows, we attempt to simulate the
onset and propagation of some of these cracking forms from
a fracture point of view.

y 00 ol 0°- Solit

In the simulation of 0%layer spitling, it is assumed that
J00-layer transverse cracks are absent while the split grows
with loading. This assumption is necessary to reduce the
geometric complexity of the cracked laminate. It is feit that
omission of the transverse cracks will not adversely affect
the accuracy of the simulation, at least not the onset of
spliting. To simulats, a small split length s, is introduced in
the 0%-layer as shown by the inserted sketch in Figure 7.
This small split represents an effective material flaw which
exists at the hole boundary and propagates to become a
split whenever the critical condition is reached. Under the
far-field constant strain loading, the split is assumad 1o
propagate stably in the fiber direction. Thus, the finite
element routine is to calculate the stresses and the strain
energy release rate G at the split-tip as a function of spiit
length s.

Figure 7 shows the variation of o, at the split-tip with the
spht length s. It is believed that this stress is responsible for
the initiation and continuation of the split. From the figure,
we see that oy is large when s is small; but it decreases
sharply with ‘increase of s. On the other hand, the
associated splittip shear stress Ty, which is not shown
here, becomes relatively more dominant with increase in s.
This indicates that once the splt starts, it will propagate
stabily and in shearing moda.

The corresponding stresses due to thermal cooling are
also calculated; their effect on splitting is included in the
prediction, which is to be discussed below.

As mentioned, we first introduce a small split length sg
and then calculate the split-tip strain energy reicase rate
G(s) as a function of s 2 s5. G(s) can be expressed in terms
of the applied tension ey and thermal loading AT as [5]:

c;(s)'={[‘/6;8x + \/C_TAT]Z’G}‘ =l ()

where the coefiicients Cg and Ct are functions of s and
represent the strain energy release rates corresponding to
oy = 1 and AT = -1 OC, respectively. The parameler d is a
length scale factor which is set at unity in this study. Finally,
the subscript i refers to cracking modes of |, Il and 1l (open,
sliding and antiplane shear).

Now, Figures 8 and 9 show, respectively, the
coefficients Cq and CT versus the split length s. Note that
Cg is predominantly of mode I, while Ct is predominantly
of mode I. Thus, the combined crack growth is in mixed
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mode.
The growth behavior of mixed mode miatrix cracking is

discussed in [11] and a criterion based on the total energy
release rate is suggested:

> as), = G, )

where G is the total critical strain energy release rate for
mixed mode cracking. For the material used here, G, has a
value estimated at 289 J/m2.

By using the coefficient curves in Figures 8 and 9, we
can obtain from (1) and (2) the critical laminate strain e, as
a function of split length s. The computed cntical laminate
strain can be readily converted in laminate stress; the stress
versus s relation is shown in Figure 2 by the solid line. It is
seen that the calculated result agrees initially with the
experimant, predicting the onset of spliting. As the spiit
grows longer, the splitting mechanisms are complicated by
transverse cracking and also by delamination. Since these
complicating mechanisms are not included in the splitting
simulation model, a discrepancy between the experiment
and the prediction results.

Si ion of 0/90 Interface Delaminati

In the simulation of the 0/90 interface delamination, an
idealization is also made. Namely, we assume that
delamination occurs after the 0%-layer spiitting has grown a
sufficient length so that delamination is proceeding as an
independent event. The simulation is carried out to mimic
the delamination shape as observed in the experiment. The
simulated shape is schematicaily shown in Figure 10. Here,
we calculate the mean strain enerqy release rate
coefficients at the delamination front as a function of the
total delaminated area, see Figures 11 and 12. Then, by
means of the criterion in (2) we obtain the delamination
area versus laminate stress relation as shown in Figure 3
by the solid line. Again, the prediction for the onset of
delamination is close, but discrepancy resuits once the
delamination has grown larger. This is expected because
the actual growth of delamination is concurrent with other
forms of matrx cracking, as discussed earlier in the
experimental study. This complex mechanics mechanisms
was not included in the simulation model.

4. CONCLUSIONS

In this paper, we have shown that growth of matrix
cracks in the vicinity of a small hole in a laminate can be
reasonably simulated by a finite element routine based on a
careful fracture mechanisms analysis. Still, the actual
mechanisms are complicated and the simulation has to
resot to some degree of idealization. This causes
discrepancies between the simulated results and the
experiment. It is conceivable that these discrepancies can
be considerably removed if more is known about the
physics of the phenomenon at the microscopic level and if a
more powerful simulation technique is available.

+_Results reported in this paper
were obtained during the course of research supported by a
grant from the Air Force Office of Scientific Research.
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Figure 1. Proyression of Matrix Cracking Under Ascending Laminate Stress
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Figure 4. Finite Element Model for the Specimen Contaluing A Small Hole
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A COMPREHENSIVE STUDY
ON DAMAGE TOLERANCE PROPERTIES OF

NOTCHED COMPOSITE LAMINATES

Appendix V

3-D Finite Element Crack Simulation Code

User's Guide and Source Code

---------
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1 GENERAL PROGRAM CHARACTERISTICS

1.1 INTRODUCTION

This computer code has been developed for an independent and self
contained operation. The program is written in FORTRAN 77 languagpe,
adoptable to any medium or 1large computer. The main  function of the
program is to simulate numerically the initiation and growth of a plane
crack(s) in a 3-D solid, specifically, delamination or splitting or
delamination with a split in composite plates. The plate may be subjected
to ecither mechanical loading, thermal loading or both. In order to
determine  the layer interface whicﬁ is likely to suffer delamination under
the siven loading, a search must be conducted by computing the interlaminar
stresses, Once the site of delamination is determined, the program will

then simulate the delamination growth under the applied loads.

The present computer code can handle (i) splitting along the fiber
dirretiona, (ii) delamination having a plane-contour of arbitrary shape and
(iii) delamination in the presence of an opened split. The changes in  the
boundare conditiowns as the delamination prows are automatically adjusted in
the proeram, There is no 1limitation to the number of lavers or the
stacking  sequence. The layers may have different thicknesses and material
propertics, Fach layer is assumed to be a homogenecous, orthotropic clastic
medinm  with one of its principal axes alisned in the thickness directions

of _he plate (z-axis).

Thr  code is divided dinto three  independent  progroms: tha
preproceszor, the main code, and the post procrasor. The separation of the

code in three stages allows modifications to he made in the data at the end
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X ¥
; of ench particular program so that certain parametric studies can be <~
) .
} performed in one stage without repeating Lhe calculations performed in the
provious stage. h
1 ;
i i
| 1.2 THE PREPROCESSOR PROGRAM h
o This is the first stage in the solution nf the dclamination preoblem. N
' .
The input data necessary for this program consists of the rrecimen 1;
i qeometry, mesh plan, layer material properties, boundary conditions and the 1
>
doublr nodes (double nodes are a pair of nodal points which occupy the same [
W,
] spatinl position). The output of this prosram consists of the full details o
[
of thr finite element mesh together with the numbered nodes, including the .
. X
; i
k denthle nodes. Although this output data is suff{icient to run the <=econd N
h%
j staen, the data to be input into the main codr, the data still needs tn be ™
supplemented with the crack opening sequence data set which can  be l
S formil~ted only following the output from the preprocessor. -
1.3 T MAIN CODE, KSAP II N
N
» As the name implies, this is the main part in the solution procedure. X
9 .
' The ountput data from the first stage, topether with the crack opening "
" mequence data serves as the input data for this rprogram. The program A
] Iy
. colves  the three dimensional problem using an 8 or 21 node =nlid element :
. )
with three degrees of freedom (x,y,z) for rach node, X
1.4 THI TOSTPROCESSOR PROGRAM
<
v >
The post processor mainly produces 3-0 nlots of the stresses with -
r.J
r
» hidden  lines removed. The dinput data Tar this procrams is a modifind p
¥ ‘:
N Y
K -
‘ *d
1.2
A
.‘ - - - - v » LIS * -'-‘
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output. file from the KSAP II program. Various stress distribulion plots

can be output along any specified plane. The three-dimensional plots can

be processed at any specified viewing direction.

The details of preprocessor program and the i3input can be found in

Chaptor 2, The modifications to the preprocessor output which are needed

heforr it can be used further are found in Chapter 2. Chapter 4

describes
the features of the KSAP II code and Chapter 5 describes the details of

postprocessor program. Chapter 6 contains an  illustrative example to

explain  the working of the total code, The FORTRAN source listings nf the
varieus parts of the code and their outpnts are included in the Appondices

A throneh 7N,

v Ll AT, '}71){7 ~

1

A

N % N

L T T T Y

y & g o ¢

Y res.v
-

£}



START

Input Laminate Geometry for
3-Dimensional Mesh

| Input Material Properties |

r Input Boundary Conditions 1

Input Node Numbers to be
Doubled for Splits or Notches

v

Input Node Numbers to be
Doubled for Delamination

v

Generate 3-Dimensional Mesh
and Output the Data on a File
to Serve as an Input to 'KSAP T’

!

To be Modified for a
Specific Problem before
Input to 'KSAP II'

Output the Details of Double Nodes
corresponding to Splits or Notches

!

: STOP

......

KSAP I

FLOW CHART FOR 'PREPROCESSOR' PROGRAM

...............

l"; y *

LY T 2 Al o )
AN




»
[} l F
START 4
) : l '
'; Modified Read the Mesh and Material :
e Data from | Data alongwith Double X
- Preprocessor Nodes from the Input File ‘
: :
\r d
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; 2 THE STRUCTURE OF THE TREPRQCEASOR PROGRAM

,

h 2.1 TNTRODUCTION

.

;: The preprocessor program generates the dinput data required for the

rl main  code, KSAP II. The input data required for the preprocessor prosram
)

:j pertains to the dimensions of the plate, mesh plan, material properties of

,j the lavers, and the boundary conditions. In it's present form, this

prooram can generate data only for brick type clements with either 8 nodes

‘, representing the 8 corners of the eclement or 21 nodes as shown in Figure

X

A 2.1.

2

xj There are two options in generating the mesh, one is for rectangular
%, mesh  for laminates without any curved Dbeundaries and the other is for
5; renerat ing mesh in a laminate with a central hnle. The mesh pattern in the
" latrr one is chosen to accomodate split(or split srowtLh) tangential to the
& hole boundary along the loading direction. There is no limitation on the
o

! number  of layers or the stacking scquence. Depending on the symmetry in
L: scomet ry and/or loading, one-half, one—gquarter or one—cighth of the plate
§ mav bhe analvrzed. The displacement and force hnundary conditions have to be
'5 appropriately specified in order to take the advantase of symmetry.

~

: The program automatically assigns numbers to nodal points, and
‘j cartezinn  coordinates to each node accordins to input data. The nodes are
y numbered in an orderly fashion in x, v, z-directions and the 8 (or 21)
¥, nodrs:  for each element can be generated arbitrarily from the set of
' conrdinates fiven in x, y and z directions. Thr dimensions of elements in
'

' anvy  dirvection can be controlled by chanrine the coordinates in that
i; direction and thereby the density of ther mesh in anv repion can be chanped,
k!

N
N !
' 2.1 3
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The thermal loading simulatation requires two data sets: asaisgning

e T w RS

« €5 e

stress {ree temperature for each element and prescribing the temperature at

y which the plate is to be analyzed for delamination. The stress free :‘
temperature is assigned to each element while gpenerating the elements. The ;:
temperature at which the plate is to be analyzed is provided while =
senerating nodal points. The temperature distribution need not be uniform ;{

' for the whole plate and each node can he assipgned a different temperature. Ef

’ The details of this data input is explained in the next section 2.2. E‘

=3

. Mochanical loading can be either a prescription of forces or a ;:
prescription of non-zero displacements at the nodes. The details of Eﬁ

—

prescribing force boundary conditions are found in section 2.2, A plate

v subjected to uniform strain can be simulated by assigning non-zero
displacements to the appropriate nodes. These non-zero displacements Aare
changed  to force boundary conditions by attachine a linear spring with a
larpe stiffness value (k) to each node in the given displacement (d)

dirrction and applying a force (=k x d) al the other end of the spring.

L St

These boundary elements do not increase the total deureces of f{reerdom of the

stiffnras matrix. The nodes having zcrvro displacements, which are used to

Nttt NS AL T

specify the symmetric planes, do not make nse of these boundary elements

v

and  they ecsernetially remove those degrees of freedom from the svetem of

~
A ranat inng, -~
s ’:‘
y The main program, KSAP II can asimulate a  craclt: opening along A -
3 svmme!ric  plane or along any plane ~iven hy x=constant or v-constant or "
\ )
N o
. z=conztant., For example: the dinterlaminar heundarvy  (layer interface) -
. -*
. corresponds  to  z=constant, A crack along a svmmetric plane ( e.g.  Lhe A
. 13 . . . . . A\
o mid=plane of a symmetric laminate) is aimnlated by suitably  changing  the oA
L v
‘ Y
. bonndire conditions at those nodes on that plana, which will be veleased tn 9
. ~X
. )

2.3 8
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simnlntc‘crnck orening. The degrees of {rerdom of these nodes must be
retained if a crack is to be simulated along the plane of symmetry. Hence
they should not be removed by giving zero displacement in the direction of
crack opening. The crack opening inztruction along these nodes i=s
explained in the next chapter. If a crack opening along a plane other than
the symmetric plane is to be simulated then double nodes are to be assinned
for onch nodal point located on that plane. The double nodes need not  he
Lakrn  into account while generating the initinl =et of elements and nodes,
Given the plane of crack (1 for vyz-plane, 2 for zx-plane and 3 for
vv-plane), the preprocessor program has the capability to renumber the mesh
and  update the node numbers fpr pach  element when  the  dnstruction

pertaining Lo the double nodes is supplied,

A complete listing of the preprocessor  program can he found  in

Appendix Al The following flow chart shown on the next pape illustrates

the prnrral structure of the preprocrssor procram,
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¥ 2.2 DATA INPUT TO PREPROCESSOR PROGRAM ’
- -
The input data required for the preprocessor is made very =imple  and
\ -
A is kept to a minimum. For example, the clement eeoneration (assigning node n
) »
s numbers to the elements) can be done in only a few cards as explained in P,
] -
Section 2.2.2.
X -
S :
~ 2.2.1 Dertails of the Data Input s
“w S
Y
Yl (]
The input data is arranged in the following nine groups of cards.
\J
o, ‘
) Fach nroup consists of one or more cards. Data in the proups I, VI, VIT '
# and VIIT must be given in the specified format. Tach entry must be made in
1]
%4 :
the cpecified columns and a brief explanation of the entry can be feund in
o entry description., The name listed under 'variahis' is the name used for
l
4 that  entry in the program listing. The data in the proups IT, 1II, IV and !
1% )
o Vomnv he pgiven in free format. In thease gronps, if the data does not fil
‘:: on an~ card, it may be continued on an irmediately following card. Fach of -}
. »
N the eroups II, VI and VIII may have several coards and the propram g
recovnizes  the termination of  that aroup only when it encounters a card !
e, with -1 as the first entry. ;
" A
, Cromp T Heading Card ( Format A72): ,
- N(72) - heading information to be printed with the outputs )
. Cronp TT Mrsh Generation Cards ( Tree Pormatr) -
L card 1: "3
o NTYPE - Type of Element (8 node or 21 nnade) p
i rard 2 N
) NONY, NONY, NONZ, RAD B
- Number of Nodes in X, Y and 7 directions, Radius of the .
: hole (if RAD=0 given, rectanaular mech will be penerated. .
. NOTE: Tf NTYPE=21, NONX, NONY, NONZ have to be odd numbers, -
8 A
~ . -
£ card K
& NX(L), XX(2), ......XX(NONX) b
- x~- coordinates of the nodes in the x- divection,
: card A ;
) YYCU), YY(2), ... , YY(NONY)
A ~ v— coordinates of the nodes in the v— dirertion.
\ -
2.5
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i}
7

card H:

77(1), 2Z2(2), ... , ZZ(NONZ)
- 72— ccodinates of the nodes in the 2z - direction.

..5.»
L IRRLERIEN }

‘-
NOTE: TFor 2l1-node element generation, ecven numbered coordinates .
should be middle points of immedinte neighboring points. =
i.e., for i=2,4,.., o
xx(i)=(xx(i-1)+xx(i+1))/2. p
. 0 » ! - 'l
yy(i)=(yy(i-1)+yy(i+l))/2. >
zz(1)=(zz(i=1)+zz(i+1))/2. -
Any mistake in the coordinates of rven numbered coordinates <
will be corrected by the preproces=sor, L
-
For a laminate with a hole, x and v coordinates can be piven ﬂ{”
with hole center as the origin. The coordinates of some of the I
nodes will be transformed and results in a mesh as shown din !,
. .
Figure 2.2. T
.
Croup IT1I Element, Nodal Property DNefinitinn Cards ( Free Format) E:‘
Sow
o
card 1: Nodal temperature at which analy=i=s is Lo bhe carried out wh ]
%, TENP, NEND, INC ®.
- N - starting node number ;fﬂ
- TFMP - magnitude of temperature of the node T
- NFND - last node up to which nodes have same Lemperature e
- INC - increment between N and NTND o
-1, 0.0, 0, 0 - data terminalion card ’,
-.:'
OTi: This temperature will be different from strezs free temperature ::j
of iLhe element (see next card) for thermal lonading enlv, :\:5
A
card 2: Element stress free temperature =

V. TFMP, NEND, INC

i

~

- M - starting element numbher ;{

- TFMP - stress free temperature of the element (curing temp.) Do
- NEND = last element number up to which elements have same o
temperature v

- INC - increment between N and NI7ID !__

-1, 0.0, 0, 0 - data termination car I{~

coard 7 Element. material definition -
YLOIATRIL, NIND, INC e

ot - starting element numher ?.

- MATPRL- material identification aumber (nx:] [ 2,3,.) .

NEND = last element number up to which nodes have apre f?‘
temperature :ai

- INC = increment lLiotween N oand PN i

-1, 0, 0, 0 = data terminat i~n s oard ;“

’ Min card is to identify the olemanc~ 5o ba - hich material they
helone to, HMaterial  propertioc or bt barene dent i ieat fon
numbiere are given in Iater cnvde, ?i

-
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card 4: Element material axis oricntation definition
N, MORTT, NEND, INC

- N - starting element number
— MORTT- material axes orientation sect number (ex:1,2,3..)
— NEND - last element number up to which nodrs have same
temperature
- INC =~ increment between N and NEND
-1, 0, 0, 0 - data termination card

S

Flement stiffness matrix reuse definition
M2
14

PRl A

TN “."-A' e

M1,M3 - starting element number

M2,M4 - last element number upto which element stiffiness is
same

-1, 0 - data termination card

[ T 70 S R T

These cards to identify the elements with the same stiffness matrix
and thereby saves computational time. A number of ranges (M1,MZ;
M3,M4;..etc.) can be given one after another,

Group TV Split or plane notch definition data (Fren Format)

[ T Fe AT TR 34

card 1:

D, IDIR

,‘v L

~NSD - number of nodes lying insidr tha split or plane notch
region
~IDIR- direction number normal to the plane of the notch
if the normal is parallel to x- axis, IDIR=1
if the normal is parallel to v- axis, IDIR=2
if the normal is parallel to 7z- axis, IDIR=3
NOTV: If no split is required enter 0,1 and skip card 2.

R

SN ST

card 2: node numbers defining split reciaon
NEND, INC

£ a
»

T
)

| - starting node number

IFND -~ last node number

0. - increment between N and NIND
-1, 0, 0, - data termination cnrd

\
i
2
i

vith this card, number of splits can be dnlinad 9in parallel
planes, Split defined by this card is cimulated by doubling
the nodes bhut these douhle nodes cannet he naed to simulate
crack prowth, In order to read the dinplacement  oulput of
the nodes  inside the =plit, refer to corvespnding denhle
nades piven in the output file "FOPOTO DATT,
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. Group V Delamination definition data (Free TFormat) N
N Y

b

W card 1: %

NTD

» —-NTD - total number of nodes defining delaminatiom region y

s If there are no double nodes in the problem enter o
d
- 0 and skip card 2 oy

d 2
L card 2: node numbers defining delaminatien resion g
- MOND(1), NOND(2), ....NOND(NTD)

l. ~y . . . f

i MOTE: The double nodes and the corresponding orisinal nodes are not ,
X written in a separate output file. They are given in KSAPIN.DAT :
. itself. They are arranged in the ascending order of the original 2

. . N . . r -,
: nodes to fecilitates easy modification of FSAPIN.DAT for crack .
prowth simulation, So, it is advisable to give the nodes here in

s the order of their release. ;
: For 21 node element, face center nodes are nol used in KSAP IT j
, and hence they are eliminated [rom the double node list by the .
'y pProprocessor. »
N card 3: 3
- ., XU, YL, YU, ZL, ZU N
L [

N - XL, XU - lower and upper bounds of x- coordinate of the :
- laminate boundary in which =rcond sct of douhle «
; nodes are to be placed.

; ~ YL, YU - lower and upper bounds of v- coordinate of the <

S laminate boundary in which srcond sct of double v

- nodes are to bhe placed. X
s -~ 7L, ZU - lower and upper bounds of z—- coordinate of the :

“aminate boundary in which second set of double .

L., nodecs are to be placed. R
' "
b - . »
. Group VI Material Property Data .

-l
» (
. Orthotropic, temperature dependent material  propertics may be !
' prescribed, llere L,T,Z are the principal axes of the material. .
t For cach different material the following aroup {4 cards must be .
. supplied. .
2 (A) aterial Properties ( Format A4, T4.4%.G17.7) 3
1 card 1z «
- columns entry description .

- 1- 4 bbEL .
- 5- 8 material identification numher R
“ 13-29 value of Younn's modulus in I=direction .

eard 2

i columns entry descriptieon .
X 1- 4 bbET .
2 .
“~ ) -

PN

. -v "‘
) ?
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13-29
4
columns

material identification number
value of Yonngp's modulus in T-direction

entry description

bbEZ
material identification number
value of Young's modulus in Z-direction

entry description

1- 4
5- 8
13-29

5:
columns

13-29
O:
columns

5- 8
13-29

7:
columns

o= 8
12-29
10+

columns

5~ 8
13-29
11:

columns

NULT
material identification numher

value of the ponisson's ratin, Vit

entry description

material identification number
value of the poisson's ratin, Vi,

entry description

NUTZ
material identification number
value of the poiscon's ratin, Vv __

4
L,

entry description

bGLT
material identification numher
value of the shear modulus, Clt

entry description

material identification numher

value of the shenr modylas, C[
17

entry description

bGTZ

material identilication numher
value of the =hear modulnes, Gyl

entry descript inn

material identification numher

value of the thermal cepancion conff, o

entry description

material identification mpmher
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13-29 value of the thermal expansion coeff., o,
card 12:
columns entry description
1- 4 ALFZ
5- 8 material identification number
13-29 value of the thermal expansion coeff., a,

NOTF::

If any of these 12 cards are not supplied then that particular
value will be set equal to zcro.

The 12 constants (Ell,Ett,..., ) are defined with respect

to a sot of axes (L,T,Z) which arec the principal material
directions.

(l) Data termination Card (Format A4)

columns entry description

1-2 -1

indicates the ond of material property
cards.

Material Axes Orientation

In this set the data regarding the material principal axes
(1,,T,7) relative to the global axes (x,v,z) is furnished. There
can be several sets of orientations and one card should be input
for each orientation as follows:

columns variable entry descriptien

1 - 5 MORT

) material axe~s orientation set numher
6 - 10 NI

node number for point "i"
11- 15 NJ node number for point "j"
16— 20 NK node number for paint k"

ODrientation set numbers (MORT) muzt be dinput in increasing
sequence beginning with "1",

Orthotropic material axes orientatiens are specified by
means of the three node numbers, NT,NI,NK. Tor the special
case vwhere orthotropic material »axns coincide with the
slobal axes (x,y,z), it is not necessary to input data in
this section. Let fl1, f2. f3 br the three orthanenal
vectors  wiich define the axes of material arthntrapy 1hen
their directions are as shown hrloo:

/\ f3
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Node numbers NI,NJ,NK are only used to locate points i,j,k »
: reczpectively and any convenient nodes may be used. .
) ’
) Fnd the material orientation definition cards with -1 card. .
e Group VII Force boundary conditions )
) (Format 16,1X,A4,1X,F10.0,12X,16,16) :
"~ P
[} N,
b columns  variable entry description v
) 1- 6 N node at which force act= .
8-11 LABEL direction of force (in nodal ;
coodinate svstem) FY, FY, or FZ ;
13-22 FORCE value of the force
K 35-40 NEND ! If NEND is greater than N (for N !
A 41-46 INC ! positive) all nodes from N thru N
: NEND in steps of INC has this :-
P~ specified force (if INC is left <
blank it is assumrd to be 1) .
¢ .
ﬁ NOTE: N=-1 signifies the end of this =set of cards K
&4 R
S (ironp VIIT Displacement Boundary Conditons -
v (Format 16,1X,A4,1X,F10.0,12X,216) )
>~ This set of cards is used to constrain nodal displacemrnts to N
: apecified values and to compute support reactions. Boundary
\ ~lements are used to specify strain for the specimen. The ;
houndary element is essentially a spring which has an axial !
lisplacement stiffness and it is defined by a single directed 4
axis  throuzh the specified nodal point. Tf any nodal
X displacement (UX, UY or UZ) is specified to have 0.0 value :
- then that degree of freedom is climinated from the stiffness -
N matrix, K
N columns  variable entry description '
- 1- 0 N node number at which this S
. displacement will he used N
oy “3
3 8-11 LABEL type of displacement boundary condition N
13-22 \Y value of the displacemont
N 35-40 MEND ! If NEND is sreater than N .
- 41-46 INC ! (for N positive) then all nodes ‘
S N thru NEND in =teps of INC will have .
N this sprcifind displacement
- “OTT: N=-1 signifies the end of this st of cards, :%
- ’
oo
’ LABEL 2an be UX, UY or UZ (uprer co-o) which meoans that the '.
, L)
'l A
"R

v, T, -
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specified displacement is in x, v, &7 directions respectively.

[T fa o i e Bn 0N

Group IX Stress Qutput Locations (Free Format)

[,0C1, LOC2, LOC3, LOC4, LOCS5, LOCH, LOC7
- location numbers in ascendingp order

MOTE: In KSAP II, there is a provision to obtain stresses at a maximum of
7 locations in an element, Any 7 of the 27 Jocations shown in Figure
2.3 can be chosen.
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3 MODIFICATION OF THE PRIPROCESSOR OUTPUT DATA

3.1 INTRODUCTION

The output data of the preprocessor program is to be modified hefore
it can serve as input data to the main code, KSaP II. The preprocessor
prooram will output two files of data: one file will serve as input data
file to the KSAP II code and the other file contains the renumbered double
nodes for split or notch simulation. The first file is to be supplemented
with information regarding the location of double nodes and the information
renarding crack opening node sequence. In addition, it is also possible to

epive commands to selectively print the stress ouput,

3.2 DOUBLE NODES AND CRACK OPENING SEQUENCE

A double node is originally one node which has twoe node numbers.

Thesio  are provided in the plane along which the crack propagation is to be

similated.  The double nodes serve two purposes. If the displacements of
hnth  the nodes are specified to be same, then they behave as one single
nade.  Tf, on the other hand, the displicements of the nodes are specified
t hr independent then they behave ns two separate nodes thus simulating

crack propagation through that node. Usually, a node has three degrees of
{frocidom, din  x,y,z-directions. In the case of double nodes each node has
three degrees of freedem after they are ceparated.  flowever, if the double
node is on a symmetric plane, then each node will not have three deprees of
frecdom  after they are separated, For example, TFigure 3.1 shows the

enec-oichth  part of a laminate subjected to a force in y-direction, x=0

’

v=0 e 270 are symmetric planes,  Tet there bhe o transverse crack  in the
lottom ply as shown by the shaded arca.  The donble nodes 30 and 51 are not
3.1
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on any symmetic plane and hence, the threc displacements (Ux,Uy, & Uz) of

node 50 are respectively the same as those of node 31 before the nodes are
separated. The nodes 50 and 51 each will have three indepcndent degrees of
freedom once they are separted. However, the double nodes 10 and 11 will
behave differently. When they are teogcther Uy=0 since they lie on the
symmetric plane y=0; and Ux and Uz of node 10 are equal to Ux and Uz of
nodn 11, When the two nodes are separated as the crack preopagates, the
upporr node 11 will be still on the symmetric plane and it will have Ux and
'z deerees of freedom, whereas the bottom node 10 i= no more constrained

and will have all the three dgrees of f{recdom, Ux,Uy and Uz, {ree.

3.3 PETAILS OF DATA MODIFICATION

At the end of the preprocessor output thn following cards have to [b»
added with regard to double nodes and the crack opening sequence:
1Y Detnils cf the constrained degrees of frecdom (Free format)

n) MR - total number of degreces of frecdom of theose double
nodes which are constrainnd by the svmmetric plane or
constrained by specified displacements before they
arc released,

h) Details of the constrained deareces of freedom.  There
should be NB following cards. T[ach renrd contains the
following dinput:

YBC o - node number
IFIX - deorce of freedom
1 for x, 2 for y, 3 [or = degree of frocdom
PSAVE = value of the specified displacement
(=0, for nodes on that particvlar =rmmetric plane)
1Y Derajls of the other double nodrs' deerces of {rerdom
aY NPAIR - number of pairs of Aall double nedes including
those constrained on the symmatric plann

Y There should be NPAIR followine ecavda,  Tach card will
tive details of one pair of donb.le nedern and the possible
degprees of freedom after the nodes are apen,
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X NPC1 - node number 1 of the pair o
X NPC2 - node number 2 of the pair oy
NPX -0 or 1 r'
-~
; NPX=1 signifies that the two nodes are constrained ad
| . ~
| to have the same displacement Ux, bhefore the nodes N
; are open and the nodes arc completely free of each Q
: other in x- direction of freedom after they are &
! open, NPX=0 signifies that their deprees of freedom
are already specified as explained in Group I. -
. "
! EPY = 0or 1 ! InY and Z directions =imilar to the X- 7
NP'Z = 0 or 1 ! direction as explainrd above for NPX. -
A
ITT) Data for each step of opening of nodre: ;"
"
a) Opening of the double nodes to =imulate crack propapation }'
(Free format) <3
i o
o
ML - ! the node numbers of the paired double nodes .
N2 - ! which are to. be opennd f'
IDF - 1,2 or 3 the depree of frerdom which is to be freed. AR
IDF=1 denotes x~denree of {recdom is {reed o~
» from its double node's x—degren of freodom S
] and the nodal force I'x hrcomes 0. Likewise, N
IDF=2 or 3 denote v or ~=deprce of freedom },
X is freed. L
) For those nodes on the symmetric plane and constrained by ﬁ'
by  specified displacement which arec to be freed the above :f
3 card should be modified as -,
» Jl
Nl - node number F
N2 - 0 = 3
1nF - 1,2, or 3 depending on x, v. or = degree of -
freedom which is to be freed -
| There should be as many cards as there are  deprees of ::i
" Treedom to be freed, .
H1=N2=IDF= 0 signifies the end of this crack opening ¥
inatruction and the stress and rnerey releonsed associated S
: for this opening will be calculated, .
: b)Y  Selective stress print option (Free Format) .
; RARIA® !' stresses will be output for the element {rom -
[ NTND ! elements from NBEG thru NEND o3
: This card should not be left bhlank, T 0,0 is ::,
N entered stresses will not br printed, -]
! Ry
Tf another step of opening is desired, the abave (a) and <
: (h) will bn repeated. This may he continued until all the .
1 \_
} -3
! bt
” 3.4 '
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nodes in Group-1 and II are relax~d.

It may be noted that if the displacemrnt and stress
solution is desired before any crack is simulated a 0,0,9
card is necessary after Group I and Group II cards.

TV) The crack propagation is terminated by a coard containing
'0099 9999 Q' as input.
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4 THE STRUCTURL OF THE MATIN CODE, KSAP II

4.1 TINTRODUCTION

FSAP II is the main program in the analysis of a delamination or
eplitting problem of a composite plate. The prosram simulates the crack
opening using the data regarding the [finite element mesh and the
predotermined crack opening sequence. At each step, the program computes

the mrnaray released together with the stress and displacement fields,

4.2 GFNERAL FEATURES OF THE CODE

The code uses an 8-node or 2l1-node =olid brick eclement to calculate
the =stiffness matrix. Each node 1is assumed to have three degprees of
freodom in x, y, z-directions. General orthetropic material properties can
hr n=msigned to the element. It is assumed that the whole element is at a
uniform temperature given by the averare of the temeperatures at the 8 (or
~1) nodes. The thermal loads are calculated using the difference between

this averare temperature and the stress {reoe temperature of the element.

ESAD IT code has the capability to simulate crack  opening alonp the
cnrfaer  which passes through the points where double nodes are prescribed.
Initinlly, the two nodes in each pair arr asz=ipned the same  displacemen'
in the three degrees of freedom. The system of linecar equations are solved
with thn appropriate boundary conditions (mechanical loading or thermal
leading or both) for nodal displacements and nodal forces. The stresses at
the prescribed lecations in each element are alse calculated, The nodal
forees of the double nodes are nothing bnt the internal forces holdine

thrne two nodes together. These forces are stored and will be used in the

4.1
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next  iteration as the crack opening is simulated through those nodes. The
crack opening is simulated by changing the boundary conditions of the
double nodes. This implies, obviously, that the displacements of the two
nodes will not be the same. Then the system of linear equations are solved
for nodal displacements and nodal forces under the changed boundary
conditions. The difference in the displacements ot the two nodes  throuph
wvhich crack opening is simulated will be the crack opening displacement,
Using the internal force which was necessayv to hold them together (as found
in the preceding iteration), the strain energy released can be computed as
the crack opening is simulated through that node. This procedure can bhe

continued until all the double nodes arc opened.

Thus, strain energy released as the crack passes through successive

douhle nodes can be calculated at cach step. At each step the crack

aponing can be simulated through one rr more pairz of double nodes and

there is no limitation on the crack front shape,.

Tf the crack is simulated along a svmmetric plane, there is no  need
for double nodes in that plane. The crack opening can be done by simply
chaneing  the boundary conditions of the nodes on that plane from

dimsplacement houndary conditions to free force houndary conditions.

Once the strain energies releas~d are calculated at each step then the
~nrrey release rates (energy resleased per unit area) may be obtained hy

dividing the energy released by the increment in crack area at that step.
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A complete listing of the KSAP IT code can be found in Appendix R,

*
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Thr following flow chart illustraters the pencral structure of the KSAD 1t
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4.3 THE OUTPUT DATA FROM KSAP II

The output data from KSAP II consistas of the details of the f{inite
clement  mesh of the given problem as well as the solution of the laminated

plate for the given crack simulation. For easy reference, the stresses and

cnrrpies released are written in separate f{iles, KSAPOUT.DAT and WORK.WOK

"/

o~

respectively. The rest of the output (control information and .:ﬁ
o~
..\ -

displacements) is written in DISP.OUT. ™

'

.

'.‘:.’l

EP
4

The eutput file DISP.OUT contains the following information:

s E
{{‘/ P

i) contrnl information

ii) the nodal point data: cartesian coordinates of each node,
the temperature at each node, and the boundary condition
codes (1 means restrained, O means free Lo move in that
degree of freedom)

i+i) the egquation numbers assigned to ecach nodal degree of
freedom

iv) boundary elements data which are attached to nodes where
non-zero displacement boundary conditions are prescribed

v) the material property tables for different Jlayers

PR
’

vi) element data which consists of corner nodes and the N
material table number to which the element belongs o

A

v

7

vii) data regarding equations, i.r., numher of equatioens,

8

bhandwidth etc. o

N

viii} the solution data at each step consists of the nodal disp- e
ltacemets (U, V, W) and forces (Tx, Fv, Fz) NS

.

L)
s

(the first step is numbered as zrro, the second step is
numbered 1 and so on)

I';.’. 4
nid

v(v,','
Nt
2LAL

The entput {ile KSAPOUT.DAT contains the fol!-~wing informaion:

'
g
- %

i) ~lement stresses (SIG-XX, SIG-YY, SIG-77Z, SIG-XY, SIG-Y7Z,
STG-ZX) at the prescribed locations in each element.

T
22

=3

ii ; )

ii) from the second step onwards, ecnerev released in x, v, and "

7z directions will also be output after the element RS

=trrsses., This energy released cutput is the <um of the :\?

add
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energies released at all the double nodes relaxed at that
iteration if more than one double node are relaxed.

4.4 LIMITATIONS OF KSAP II CODE

At pre=ent the program can handle upto 2000 nodes, and 100 pairs of
double nodes. Should a problem involve fiorr marb 44 more than 3000 nndes
then the following dimension statements have to be suitably changed:

1) The degrees of freedon (3 times the total number of nodes)
have to be changed in ICR(*), R(*) in the statement with
ccrial numbers 3380, 3386, 3844 and 3840,

2) The number of nodes in ID(*,6) have te be chanped in the
..Latementswith serial number 33790.

3) The double nodes' total degrees of freedom (6 times the pairs
of double nodes) have to be chanped in TMATH(*,™), TMAT(*,*),
TCOL(*,1), TCOL(*), TCOLM(*), IST(*) in the statements with
scrial numbers 3384, 3385, 3386, 384R and A(™,*), B(*, 1),
TPIVOT (), INDEX(*,*), DT(*) in the statement with serinl
numbher 4366 to the same value.
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5 POSTTPROCESSOR TROGRAM

5.1 TNTRODUCTION

The postprocessor program 'plot' is desipncd to present the stress
output  of the main code, KSAP II, in a gpraphical form. The stress
distribution in any plane parallel to xv planc can Dbe displayed on a
npraphics terminal or graphics output can be obtained on printronix printer
or Hewlett Packard plotter. Tihe code uses 3-D gpraphics routines {rom
Trmplate package. The program is written Lo run interaclively and the
interactive input consists of choice of device, stress number (1 for xx,
2 for yy, 3 for zz, & for xy, 5 for y» and 0 for zx stress), viewinp
position coordinates, scale factor to scale stress values. The stress
valurs, coordinates and the relatrd data are read from a prescribed data

file.

5.2 DETAILS OF DATA FILE
For an 8 node element the following data precede stress data:
Heading —~ data file identification heading
NX, NY, NL
NX - number of coordinates in x direction
NY - number of coordinates in v direction

NL - number of layers of finite elements in the laminate

XX(I), I=1,NX - coordinate values in x direction
YY(I), I=1,NY - coordinate values in v directlion

For 21 node element the followinp data should precede stress data:
Heading - data file identification heading
NNODES, NLOC

NNODES = number of nodes of finite rlement ( 8 or 21)
NLOC - number of stress output locatiens requested
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;1 NONX, NONY, NONZ
‘
’
v NONX - number of coordinate= in x direc.ion
NONY - number of coordinates in y direction
. NONZ - number of coordinates in z direction
- LOC(I), I=1, NLOC - stress output locations
‘ X(1), I=1, NONX - coordinate values in x direction
Y(I), I=1, NONY ~ coordinate values in vy direction
N Z(I), I=1, NONZ - coordinate values in z direction
:Z At the end of the above set of data, one =et of stress output (for ali
(- the rlrments) should be copied from KSAPOQUT.DAT.
&) The following plots (Figs.5.1 and 5.2) are obtained from stress out put
+
Iy at step 0 in the example problem. Tig. 7.1 is the normal stress along v
2 direct ion (stress no. 2 and finite clement laver na, 3) in 0" laver. The
o interlaminar stress (stress no. 3 and [inite clement layer no. 3) in 0°
",
& laver is shown in Fig. 5.2. Both the plots are generated on Hewlett Packard
’
7 plotter using eye coordinates (30, -30, 20),
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6  ILLUSTRATIVE LXAMPLE

6.1 TNTRODUCTION

Tn this section we consider an cxample problem., The example is

AN S 0 D

N

simple laminate construction and it dors net represent a practicnl problem,

The purpose here is to illustrate the procedurs to  operate the computer

codr, However, the code is developed for a more general use, subjected to

the lTimitations discussed in the preceding sections,

The following par~craphs present the actnnl woarking steps in using tho

precent code to  gencrate the interlominar strees distribution in a given

interface plane. All input and output data {or this example problem
found in Appendix D.

[Laminate Gecometry:

Uhvecaase of symmelry only one-eannth of tae jaminate 18 considernad)

vidth of the laminate is 8.0"
leneth of the laminate is 6.0"
numher of lavers is 2
thickness of lajyer 1 is 1.0V
thickness of layer 2 is 1.0"

A« ~hown in the Figure 6.1 x=0, y=0 and z=0 are asvmmetric
anrinces and a uniform farfield strain i=s applied in v=direction.

The delamination cracking and mesh «ize are selected As follows:
4 equal divisions in x-direction

2 equal divisions in y-direcction
4 cqual divisions in z-direction

Material properaties and loading information for ecach laver are
frirriched in the following manner:

[.over 1 (90° layer)

6
ro 21.0x10° psi

o= 17x10° psi

P 1.7x10° pei
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(a) Transverse Crack/Free Edge Induced Declamination

0/90 Interface

Transverse Crack

_Free Ed e

Transverse
Crack Surface

(1M One-eighth part of the laminate simulated

FIG. 6.1 THE ISOMETRIC VIEWS OF THFE EXAMPLE PROBLEM
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! v = 0.30 o\
! 1 -
‘ vy = 0.30 )
r
— [ I d
\)l o = 0.54 f*.
R e
~
Gy, = 0.94x10° psi .
6 N
. H , Py
Gy = 0.94x10" psi
. , 6 . -
htw = 0.50x107 psi N
_.6 ° ':_
T 0.20x10 ~ /°F ]
_[‘ ° -__.
T 16.0x10 /°F i
- ’
n = 16.0x107% /°F 5
| ‘ :-I‘
! C'
oy
o,
laver 2 ( 07 layer) )
*o
! T~ same properties as above. 5
. - s
H W
h A uniform displacement of 0.001" is appli~d  in  v-direction =simulating A
) “
' . . ~)
: conctant  strain  loading and no thermal leading i=s applied (temp.=0),  The i
. del mination is assumed to take place hrtween Taver 1 and Jlaver 2 startine e
3 At the outer rndge at the intersectinn ~l fres edee and tranaverse crack, =
Ponadary conditions are  provided 1n mabe v-00 v=0 and  7-0 vyt yic F
~ 9
curfaces,
The initial finite element mesh withent deuble pades iz as shewn  in e
) '
Phe Pieure 06,2, .
) -
: f..) I'MEPROCESSOR INPUT DATA .
)
h o
tr
P (frru}]» [ ._"
:'.ﬁ
~~~~~~~~~~ - e ~Y
9 nede F1.[02/9021s; delam— MECH load: “x2«d MERH-man dinp (10/30/87) i
"""""""""""""""""""""""""""""""""""""""""""""""""""""" o
In this first group the heading to Lo printed ia aiven on one card, rt
K - r
.
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FIG. 6.2 INITIAL FINITE ELEMENT MESH WITHOUT DOUBLE NODFES
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Cravp 1T

5,2,5,0.0

n.n, 2.0, 4.0, 6.0, 8.0
n.n, 3.0, 6.0

n.0, 0.5, 1.0, 1.5, 2.0

The first card indicates that 8-node brick element is to he used., The
numher of coordinates in x, y and z dircctions arc 5, 3 and 5 respectivelr.
Three are given in the second card. The fourth entryv in this card is 0.0
and it indicates that there is no hole (holr radius =0,0), The valuers of
v. v nnd 7z coordinates are given in the =sub=equent three cards, Na  darn
termination card is required for this =et of data.

Cronp TTT

1, 0.0, 75, 1
-1, o0, 0,0
1oann,, 32, 1
-1 n.o0, 0,0
1.1, 32, 1
-1, ", 0,0
1. 10,1
17, 0. 32,01
-]' n, O. (_)
Y, I
P,
_]' f

In thia group, the cards 2, 4, 6, @ and 12 ave for data  termination,
The “irst card dndicates that all the nedea from 1 te 75 4n incrementae of 1
liaveo g temperature of 300.0 °TF.  Similarly, the third card is for element s
chich =ienifies  that stress [ree topperatnres for olements from 1 to 32 in
inccements of 1 is 300.0 °F. The matrerinl  caerial nomber v whiech  rach
clesent helongs to dis given in Sth card.  Tn the present prolblem, two
favers of  laminate are made up of same material., So, in this card, it is

¢iven that  elements 1 to 32 (in incrementc of 1) holong to material ael
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ST ol SN o B A L 2R R aP S
- - S NP AN h PN T P Sy N
VTR R AT DTN .-Jﬂ-.m‘.!(‘ hﬁmm

I e P ] T w e

L I N TR P

Y g %a Ta_v ¥

r
¥
n




¥
L

-

Dl

However, the two layers have different orientations and they are indicated
in the 7th and 8th cards. The elements 1 to 10 have the material axis
orientation set 1 and 17 to 32 have set 2.

The 10th and 11th cards are to take advantase of the =set of identical
clemrnts made of the same material. The first card denotes that elements 2
thru 16 are identical to element no. 1| and the same element stiffness
matrix is used. Similarly, the 2 nd card denotes that elements 18 thru 32

are the same as the preceding element no. 17,

Gronp IV

This card is for split or notch simulation. The first entry (0)
indicates that there are 0 double nodes for split seneration. The second
~rntrv 2 is for split plane parallel 1o  xz-plane. Since the numher of
donble nodes are =zero, the value of second entry can be 1, 2 or 3 and no

=plit will be generated.

Gronp V
15
.=, 13, 18, 23, 28, 33, 38, 43, 48, 53, 5%, N3, 68, 73

no0L. 2.0, 0.0, 6.0, 1.0, 2.0

The information of nodes which are to be doubled is given in this  «et
of  ecards, The first card says that there are 15 nedes Lo be doubled and
the meceeding card gives the original numbhers of the nodes which are to he

donhled. The last card gives limitls of the cerordinates of the solid in

which the second set of double nodes arr to e placed,
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Group VI

1

1

1

1
NULZ 1
NUTZ 1
GLT 1
GLZ 1
GT7 1
ALFT, 1
ALFT 1
ALFZ 1

e 08" N allld adtl . T R
CTALT AT TR T AT AT T T e TR T AT

21.0FE6
1.7E6
1.7E6
0.3
0.3
0.54
0.94E06
0.94E06
0.50E06
0.25-6
0.16E-4
0.16E-4

This set of cards will furnish data regsarding the material properties.

Thes~  properties can

be given in any order,

drfine 2 sets of material principal axes orientations,

Cronp VIT

This set of cards is to specify [orce houndary

particular problem a

hanpdary conditions,

Creap VIIT

single

card sienify

[N ]
[ e )

N

~

— 1>

S~ b L
- B

D

4 uy 0.0

s uy 0.0

| ux 0.0

2 UXx 0.0

3 136 0.0

i 11X 0.0

B |1 0.0

1 vz, 0.0
7 17, 0.0
~1 uz 0.0
ol Uy  0.001
-1

.‘\}x}? ,&‘n} ADARTA T Ty
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The last three cards are to
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conditions.

that there are no force
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The displacement boundary conditions are prescribed in this set of
cards. For example, the first card specifies Lhe y-component of
displacement as 0.0 for the nodes from 4 thru 24 at 5 node intervals., That
is, v-component displacement of nodes 4, 9, 14, 19, 24 have 0.0 value. The
boundary conditions of other nodes are prescribed in the succeeding cards

of this last set. In this set the original node numbers are to be given

and they will be modified wusing the double nodes information given in

Group V

LT o Rl W N B

6.3 MODIFICATIONS OF PREPROCESSOR OUTFUT DATA

. v,
| a4

The output of the preprocessor propram will be two data files if NSD

L e !
o o

is nnt equal to zero. The file KSAPIN.DAT will consist most of the data

3

necessary to run the main code, KSAP TI. The other file TORO10.DAT will
contain the information about the modified numbers of the double nodes and
their original node numbers on the split  plane, These are onlv f{or

referonce and do not appear in the modifications of KSAPIN.DAT.
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The original node numbers related to delamination are listed towards
the ecnd of KSAPIN.DAT. Both the double nndes of ecach pair will have the
aame displacements before the crack passes through them, and Dboth these
will have frce force boundary conditions once the crack passes through that
pair and they are separated. However, some of these pairs lying on  y=0

plane hehave differently.

The double nodes (3,4),(9,10),(15,16),21,22), and (27,28) are located

on the symmetric plane which alse happens to be the plance of transverse

LP 2P P A

crack. The y-component of the displacement (Uv) of the node in each pair

AKX

hefrre  they are opened have the same value, When the crack passes through
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¥ that node, the two nodes will be separated. The v-component of the forece
0
K (Fy) of the bottom node will be zero whereas the top node will be still on '
A the symmetric plane (y=0) and hence will have a displacement boundary <
]
. condition (Uy=0). It may also be observed that the other two components of
X the forces (I'x,Fz) will become zero four both the nodes of the pair once the .
& crack passes through that pair. To facilitate these two types of degrres
l.'
: ol frcedom of the double nodes the input data of KSAP II has to be >
> -3
supplemented with the data as shown below. X
X 3
3 10 0
. 3 20,0
T 4 20,0 .
- 2 20.0 3
10 2 0.0
3 15 2 0.0 3
., 16 20,0 W
o 21 20,0 \
> 22 2 0.0
. 27 20,0 )
~ 222 0.0
: 15 >
" 3 4101 -
- a1 101 :
i3 1510 101 b
. 21 22101 )
27 29101 '
. 373111 ¥
5 2040 111 -
™, 4% 4601 11 X
- 5052 111 :
; AT SR 11D X
63681 11
& 60 TN 111 M
4 77 7 *
ks 75 /Q 111 ,
d {1 e2 111 W
: a7 @9 111 g
" The number (10) in the first data card denotes the total number of .
,
o+ -
: v=degrees of freedom of double nodes (5x2=10) on the symmetric plane (y=0). :
L4 -
[~ The following 10 data cards input the details of the node number, degree of 2
" freedom (1 for Ux, 2 for Uy and 3 for Uz) and the value of the )
o ~
' dinpiacement., All these data corresponds Lo that valur before the nodes o
" p
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arc opened. Following this will be the comprehensive dala input for the
overal double nodes., The number 15 denotes that there are 15 pairs of
double nodes whose details are given in the 15 succecding cards. The first
two numbers in each card (for example, 3 and 4) are two node numbers in
cach pair. The three following numbers (1's or 0's) will describe the
behavior of the double nodes in x,v,2 deprees of freedom respectively when
the nodes are opened. The number 1 for any depree of freedom signifirs
that the nodes will have the same displacement before opening and will have
zoro nodal force in that degree of frecdom after opening. Number O for any
particular degree of freedom significs that the nodes will not  behave in
the above manner with regard to that depree of freedom. Thus the degrees
of freecdom (y) for the double nodes on the symmetric plane, v=0 which are
dezcraibed in  the previous set will have zeros in this set of data. Tor
rxample, the nodes 3 and 4 will have Uv=0 corresponding to v-degree of
frerdom  as they are specified to brhave in another manner in the preceding
srt of data. The nodes 27 and 28 will have all 1's as they are located

awav from the plane y=0.

After furnishing the above data resarding the deprees of freedom of
the double nodes, comes the data repardinae the opening of the double nedes

thn= simulating a crack propagation as showvn helow:

1 32 ' Free format
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0 0 0
1 32
Q019 9999 0

At any step (iteration) the crack can be made to pass through one or
more number of double nodes. Fach data card consists ol three numbers.
The last number corresponds to the dearee of freedom which is relaxed, that
iz, which will have free force boundary condition. If there is a zerro as
thr accond number then the first numbher should be a node number of the
douhle nodes on the symmetric plane v=0 whose data is specified in the
[ir:t set. For example, the '27 0 2' sprcilies that the y-degrree of
freedom (2) of node no. 27 (which is a node in lst set of data) is relaxed
(Fv=0), That is, this node is frec to move in v-direction. If the =seccond
numher  is also non zero then the first twe numhers correspond to the two
nodes of a pair of double nodes and as explained above the third number
sprri{ies the degree of freedom in which these two nodes are free to move,
Thu= the data specifies that the crack passes throush the pair of nodes 27
and 28 and these two nodes are free to move in x, z directions whereas in
thr v-direction only node no. 27 is free to move. That implies that node
24 will have the earlier specified diplacement (Uy=0). All three zeros
sirnify the end of the crack openinpg data for that step. Thus when it s
desired to calculate the stresszes and dizplacements before any crack is

=imilated it is necesssary to place this coard (0,0,0) as in line 1,

Tmmediately following this card in eoch step a selective stress print
option can be given. The two numbers =ienify the range of eclements for

which the stress print out is desired. If the first two numbers in the

1_:.55\\ﬁ\’

crack opening data are prescribed as 0990 and 0909 then that signals the

termination of crack propapation srnence,
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6.4 OUTPUT OF KSAP II PRGGRAM

As can be seen the output of KSAP I1 iz =21f explanatory, To start
with, it consists of all the mesh details reparding the nodes, coordinates,
the degraes of freedom, elements etc.. It also furnishes information of
the material properties used and the material number to which each element
belongs. The output also provides some details about total number of

cquations, bandwidth, number of blecks etc..

Then the results will be output as the crack is simulated. For each
step the nodal displacements and element stresses (at the center ol tlic
clement) are printed as desired .in the input data. Usually, these results
Aar~ output starting from no crack state (STEP 0) and crack can bhe
simnlated opening one or more nodes at cach step. AL each succeeding step
(STFP 1,2,....) the energy rnleased s calculated and is printed
immediately after nodal displacements and forces. Tf the cnerpy release
rate is desired then it can be calculated by dividing these enerpies

released by the incremental crack areas.
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* *
* THIS CODE GENERATES INPUT DATA FCR 'KSAP II°® %
k *

ccegecoecceccocoocccececceecceccccgegoecococecccocoeceocecoccoceocececececeoeccecce
|

version : September 1987

Reads from Input file and urites to KSAPIN.DAT

NOTE: 1) Modified to qenerate 21-node element directly from

Assign 21 / 8 (= NIYPE ) as the 2nd card in the
input data file

CAUTION:
2) The nodal input order for the elements (NTYPE=21)
SHOULD be as in SAFIV HANUAL

3) Double nodes region is to be given
(x1l,x4, yl,yu, 3nd zl,zu in that order)

R() ,NR()--- temporary storage of data read

NOS(I) =--- number of sets to te generated at i-th level
NOE(I) --- number of elewents in the set to be generated
NINC(I) =--- increasment of node number
NN(I,J) --- node numbers of element -i
IDM --- i.d. number of aatl.
MAT(I) =---1 i stiffness matrix of element -i is the same as previous
0 : not the same 23s last
MAXES(I)--- I.D.no. of matl. axis orientation set(see SAP4 manual)
TZ(D) --- Stress free reference temperature for element -1I
X(I) } --- coordinets of node -1
YOIy ¥
(D)
XX(I) } --- coor. increments in level qerneration
YY«en 3}
2200 ¥
T(D -~-- Nodal temperature
Ell .. --- Material properties
IX(1,J) --- Degree of freedom code , node -i, freedom -j
! NBD() --- No. of boundary element FOR JISPLACEMENT
! ND(I,4) --- 4 nodes used for defining the direction of displ.
' KD () --- Means displ, if equals to 1
! KR(O) -== 4y rotation if equals to 1
' NBE( ) --- node no. of force boundary
! EX() } --- concentrated force
! EY() }
' EZ() )
! L&) --- Node difining vector criss =ultiplied to give
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' 99 ! the direction of displ. or rotation
56 ! Vo) -~- Value of displ.
37 ! VR() -~- Value of rotation
58 ! LAX{(2,3) -- 3 nodes (number) to define matl. princ. axis
39 ! (max. of 2 sets)
60 ! HED(18) -- Keading information as first line of output
E 61 ! HORT () -- materi13l axes orientation set number
62 ! NI() ¥ -~-- definition of material principle axes
63 ! NJ() %
64 ! NKC() 2
RN o o Jafefalaf sl el ey of o e o} o I ol o e e s o W e efad oY Y s e sl L B ed af f
’ 66
b 67 CHARACTERA30 EILNAHM
L 68 CHARACTERx1 MESH
I 69 DIMENSION R(7),NK(1S),NKK(21),NOSC3),NOE(3),NINC(3),
70 . XX(20),YY(20),2Z(15) ,XMESH(4000),YHESH(4000),
71
' 72 . X(4000),Y(4000),2(4000),IX(4000,6),T(4000),mip(4000,2
73
; 74 . IDKM(3000) ,HAT(3000) ,NN(3000,21),MAXES(3000),TZ(3000),
75
76 . E11(4),E22(4),E33(4),ANUL2(4),ANU13(4),ANU23¢4),
77 . 512(4),313(4),G23(4) ,NBD(200),ND(200,4),KD(200),
78 . L(4),vD(200),Vk(200),KR(200),HED(18),
79 . NOND(200),XD(200),Y0(200),2ZB(200), noans(400),
80 . ALP1(4),ALP2(4),
81 . ALP3(4) ,MORT(10) ,NI(10),NJ(10),NK(10Q),
82 . EX(200),FY(200),FEZ(200),NBEF(200),1ID1¢(200)
83
84 c-- mip ( )} - the corresponding new nodal numbers
83 C ’
86
87 PI=3.1415926535897932
88 eps=1.0e-04
89 WRITE (S,4) ‘...ENTER INFUT FILE NAME.....’
90 READ (5,53) EILNAM
91 IRD=56 YREADL TAPE NO.
92 OPEN (UNIT=[RD,FILE=FILNAN,STATUS='0QLD")
93 READ(IRD,2S) (HED(I),I=1,18)
94 25 FORMAT(18A4)
95
96 'Kead whether the element is 8- or 21 naded
97 ¢ NTYPE=21
98 ¢ NTYPE=8
99 read (IKD,4) ntype
100 NELTYP=1
101 INTKS=2 !Integration order for r,s - coardinates
102 INTT=2 tInteqration order for t- direction
103 IF (NIYPE.EQ.21) THEN
104 INTKS=4
109 INTT=2
106 END IF
107 C
108 C1111 FOLLOWING STATEMENTS AKE FOR VARYING GRID GENEKATION.
A- 2
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109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
139
131
132
133
134
135
136
137
138
132
140
141
142
143
144
145
146

147 ¢

148
149
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160
161
162

-

1444

1443

1446
r

»
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NODE GENERATION
READ(IRD,A),NONX,NONY,NONZ , RHOLE
READ (IKD,A)(XX(I),I=1,NONX)
READ C(IRD,A)(YY(I),I=1,NONY)
READ (IRD,A)(ZZ(I),I=1,NONZ)

correction for inside nodal coordinates for 21-node el.

if (ntype.eq.21) then

do 1444 i=1,nonx

if (mod(i,2).eq.0) xx(i)=(xx{1-1)+xx(i+l))/2
type k,(xx(1),1=1,nonx)

do 1445 i=1,nony

if (mod(i,2).eq.0) yy(i)=(yy(1-1)+yy(1+41))/2
type k,{yy(i},i=1,nony)

do 1446 i=1,nonz

if (mod(i,2).eq.0) zz(i)={(zz(1-1)+zz2(i+1))/2
type k,(zz(i),i=1,nonz)

ervd 1f

P

. .
l. " I' [

IF (RHOLE.GT.eps)CALL HOLE (RHOLE,NONX,NONY,NONZ,

XX, YY,22,X,Y,2)

IE (RHOLE.GT.eps) GO TO 444

D0 J=1,NONY

DO I=1,NONX

DO K=1,NONZ

N=(J-1)ANONXANONZ+(I-1) ANONZ+¥

X(N)=XX( 1) :
YN =YY (D) ;
Z(N)I=ZZ(K) '
END DO

END LO

END DO

END OF POLAR MESH GENERATION
NTON=NONXANONYANONZ

MESH PLOTTING OPTION ON HP PLOTTER-------

WRITE (5,%) ‘Do you need MESH plot Orinqinal nodes™..(Y/N)’
READ (5,5%) MESH

FORMAT (A)

IF (MESH.EQ.’'Y’,OR.MESH.ER.’y") CALL

. MESHPL (X,Y,NONX,NONY,NONZ ,KIF,1,ntype)

po0 I=1,NTION

XMESH(I)=X(1)

YMESH(D)=Y(I)

END DO

IF (NN(NTOE,7).GI.NTON) THEN

DO 666 I=1,NTOE

DO 666 J=1,NIYPE

IE (NNCI,J).GT.NTON) NNCT,J)=NNCT,J)-NTON
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163
164
165
166
167
168
169
170
171
172
173
174
1735
176
177
178
179
180
181
182
183
184
189
186
187
188
189
190
191
192
193
194
199
196
197
198
199
200
201
202
203
204
209
2006
207
208
209
210
21l
212
213
214
215
216

148

A A R R A

END IF

KEADCIKRD,%) N,TEnP,NEND, INC
[E(N.EQ.~1) 50 TO 149

DO 1=N,NEND, INC

T(1)=IEMP

END DO

60 TO 148

continye
CONT INUE

ELEMENT RENEEATION

N1=NONX
N2=NONY
N3=NONZ
N13=N1AN3

IF(NTYPE.EQ.8) IHEN

NDS(3) =N3-1
NINC(3)=1

NOE(3) =(N2-1)A(N]I-1)
NOS(2) =N2-1 {
NINCC2) =N1ANI

NQE(2) =Nl-1

NOS(1) =nl1-1 !
NINC(1)=NJ

NOE(1) =1

' third level gener.code

second level gener., code

first level gener. code

NEkk(L)=2+ NZ+ N1
NRR(2)=2+ N13
NRk(3)=2

NRR(4)=2+ N3
NKK(S)=1+ N3+ N13J
NRR(G)=1 + N3
NREk(7) =1
NKE(B)Y=1+ N3
ELSE TE(NTYPE.EQ.ZL) THEN

NOS(3) =(N3-1)/2 ! third level gener.code
NINC(3)=2

NOE(3) =(N2-1)x(N1-1)/4
NOS(2) =(N2-1)/2 !
NINC(2)=2AN1AND

NOGE(2) =(N1-1)/2

second level gqener. code

NGS(1) ~(NI-1)/2 t frrst level gener. code
NINC(1)=24AN3
NOE(1) =1
NEKK(1) =3+2AN3+2ANIL3
Nkk(2) =3 +2ANL3
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240
24]
242
243
244
245
246
247
2A8
249
250
')I"l
252
203
‘\(4
250
e
w3/
299
'vsq
260
oh
o620
ah2
26A
265
Sh6

-
o

268
26072
oTe

A Ry

e T

1375
1238

t

!

'1415
105

|

178

1585

157

1498

Rt RN S e St A S TS S At S 8 (il i/ i G A,

NKR(3) =3

NRR(4) =3+24N3
NRR(3) =1+2AN3+2AN13
NRR(6) =1 +2AiN13
NRR(7) =1

NRR(B8) =1+424N3

NKK(9 )=3+ N342iN13
NRR(10)=3 + N13
NRR(11)=3+ N3
NRR(12)=342AN3+ N13
NRR(13)=1+ M3+2iN13
NRR(14)=1 + NI13
NKK(13)=1+ N3
NRR(16)=1+2AN3+ NI13
NRR(17)=2+2AN3+24N13
NKR(18)=2+2AN13
NEK(19)=2
NRR(20)=2+24N3

NRR(21)=2+ N3+ N13
END IF

NO=0

DO 132 1I=1,NTYPE
NN(NO+1, I)=NRR(I)

Perform element generation
Do 138 M=1,3
DO 138 K=2,NOS(M)
pO 138 I=1,NOE(M)
N=NO+I+NOE(M)A(K-1)
DO 1375 J=1,NTYPE
NNAN,J)=NN(NO+I, ) +NINC(M) 4 (K-1)
continue
NO=N
NTOE=NO

00 1415 lE=1,NTOE

TYPE &

TYPE A, ’ kkikk ELEMENT ° ,1IE

TYPE 105, (MNCIE,I),J=1,NTYPE}

FORMAT(BID)

Pead elewent stress free temperature
KEADCIRD, k) N,TEMP, NEND, INC
IE(N.EQ.-1) GO T0 1359

DO 1585 IE=N,NEND, INC

TZ(IE)=TENMP

no TO 158

continue

Fead element material identification
FEADCIRD,A) N,MATRL,NEND, TNT
IF(N.EQ.-1) GO T0 1459
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271 L0 145895 1E=N,NEND, INC

272 14985 IDM(IE)=nATKL

273 GO TO 14358

274 1459 continue

275

276 C ---MAXES(I)  MATL. AXIS OKIENT.:

277 ! Re3d elewent mater1al 3x1s orientation identification nuwber

278 1658 KEADCIKD, %) N,mOKTT,NEND, INC

279 IF(N.EQ.-1) GD TO 1659

289 L0 16585 IE=N,NENRD, INC

231 16589 MAXES(IE)=nORTT

282 GO T0 1658

283 1639 continue

284 ! Kead 1f the stiffnews watrix of an elewent (or 3 group oI elewents)

289 ! 1S sSamee 335 the previous element

286

287 b0 145 I=1,NTQE

288 145  NMAT(D)=0

289

290 176  KEADCIKD,A) ml,n2

291 ¢ WRITE(LIL,4xs ‘Hl,n2’,nl,n2

292 [E(H1.EQ.-1)G0 T0 1769

293 b0 1762 I=nl,dl

294 1762 nAT(I)=1

299 50 T0 176

296 1765 continue

B P it e

298 C BOUNDAKY CUNDITION GENERATION

299 ¢ Following statewent are to fix all rotations when

300 ¢ only translational d.o.f. <(eltype #8 1s used)

301 bG 2010 I=1,NTON

302 o 2010 3=1,6

303 IE(J.LE.3) IX(I,1)=0

304 IF(J.GE. &) Ix(I,J)=1

305 2010 continue

3006

307 1 While generating 2l-node elements some nodes are at the cuenter of faces

308 ! These deqrees of freedom will be removed below:

309

310 ¢ Nodes not used in defining any element are found

311 and all 1ts d.o.r. set equal to 1 (i.e., eliminated)

312 DO IE=1,NTCE :

313 DD IN=1,NTYPE -

314 II=NN(IE, IN) 2

315 IX(Il,6)=10 tto 1dentify which nodes are used "

316 end do A |

317 end do S

319 DO IND=1,NTON "8

320 [ECIXCIND,5).EQ.10)THEN "

321 IXCIND,6) =1 o

22 ELSE

323 ba 1uG=i,6 >

324 IXCIND, IDG) =1
\
N
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25 END DO e
326 END IE o
327 end do e
328 '11001 FOR DOUBLING NODES 'iibdiatdlaipnsinvrtintiineiy %
329 do ip=l,nton ' 5%
330 »ip(ip,2)=0 ™
331 end do .
332 FOr SPlittinGeeeecencannans %ﬁ
333 NSD=0 AP
334 KEADCIKD, %) NSD,IDIR ! No. of nodes to be doubled, Direction Vector ‘L1
35 IE(NSD.NE.O) THEN ;;3
336 NSD1=0 —
337 686  READ (IKD,*) N,NEND,INC o
338 IF (N.EQ.-1) GO TO 688 o
339 D0 687 I=N,NEND, INC e
340 NSD1=NSD1+1 [ 4
341 AB7  NONS(NSD1)=I
342 G0 T0 686
343 ! READCIRD, k) (NONSCI),I=1,NSD) 'original node % to be doubled
344 688  IF (NSD1.NE.NSD) NSD=NSDI 'check on tatal no. of d.n’s
345 c-- to delete face center no. frowm double node list.......
346 IE (NTYPE.EQ.21) CALL DELETE(NONX,NONY,NONZ,NSIi,NONS) ®
347 do i=1,nsd e
348 i3=nons (i) o~
349 mip(ia,2)=1 e
350 snd do o~
351 end if g
352 NTD=0 ]
292 KEADCIKD,4) NTD I Number of nodes to be doubled .
354 ;}';
355 ! Define the zone of delamination Wi
396 ¢ store coord. of the nodes to be doubled N
357 IF(NTD.NE.O) THEN o
358 RKEADCIRD,A) (NONDCI),I=1,NTD) !ariginal node # to be doubled b
359 ¢-- to delete face center no. from double node list....... f{
360 IE (NTYPE.EQ.21) call delete(nonx,nony,nonz,ntd,nond) "N
361 00 I=1,NTD Y
362 TA=NOND( 1) o
362 MIP(1A,2)=1 A
764 END 10 e
765 READ(IKD,%) XL,XU,YL,YU,ZL,ZU AL
366 00 I=NTD,1,-1 o
367 XICD =X (NOND (1)) o
368 YOOI =Y (NONDI(T)) e
369 ZDCI)=Z(NOND(1)) O
370 END 110 . .
371 END IF Ia
3720 if (ntd+nsd.ne.0) then x:
272 IP=0 TN
37 DO I=1,NTON X
375 1P=1p+1 A
176 MIP(I,1)=1F &
377 IE(MIP(1,2).50.1) THEN e
Son IP=1p+1 ~
b Y
-
L)
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379
380
381
382
183
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
all
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432

#IP(I,2)=1F
END IE
END DO
c end if
IE (NSD.NE.O,
.call split (NTON,nsd,1dir,nons,sip,x,y,2,I,ntype,nos,NN,ntoe;
For Delawination..... cecaeas
bo I=1,NTON
TYPE &,1,(81P(1,1),1=1,2)
END DO

(o BN v BN ]

IE(NTD.EG.0) GO TO 899
€-  COKKECTIONS FOKk DOUBLE NOLES IN planes normal to x, y or = -directions

C FIND KND (THE ¢ OF THE NODE CURRENTLY TO BE DOURLED)
D0 525 I=1,NTD
DO J=NOND(I),NTON
DIST=SQRT ((X(J)-XDCI) ) kA2+ (Y(I)-YDCI) Y Akk2+ (Z(J)-ZD(I))Axl)
IF(DIST.LT.0.00001) THEN
KND=1
C BEGIN CHANGING NODE NUMBEKS § COORD.
c Change elewent nade nuwbers 1if it is > knd by adding 1 to 1t
0 346 JE=1,NTOE
DO 345 K=1,NTYFE
345 IF (NNC(JE,K).GT.KND) WNNCJE,K)=NN(JE,K)+1

346 CONT INUE
C Also wove coords. downstream by ane slot and 3lso assign (kndtl)is
! same as (knd)th

DO M=NTION,KND,-1

X{N+1)=X(h)

Y(H+1)=Y(H)

Z(M+1)=2(M)

T(M+1)=T(r)

END 0O

C-- Allocate nodes of the pair to the appropriate elesents depending
! on which side of the double nudes’ plane they (element) lie
nface=NTYPE
DO 3433 K=1,NTOE

IE(NTYPE.EGQ.8) THEN ! Find the coordinates of the center of tne
XC=0. ! element to deteramine 1f 1t belongs
YC=0. ! to the delamination zone

z¢c=0.

b0 IA=1,3q

TII=NN(K,Ia)

XC=XC+X(III)

YC=YC+Y(III)

ZC=ZC+2(I1

END DO

XC=xC/8.
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433 YC=YC/8.
434 7C=2C/8.
435 ELSE
436 III=NN(K,21)
437 XC=X(III)
438 YC=Y(IID)
439 ZC=Z(11ID)
440 END IF
441 ! IE(K.EQ.32) THEN
442 TYPE %, ' ... ELEMENT # ... ’, K "
443 TYPE %, ‘ - CENTER:’, XC,YC,IC I
444 TYPE %, ' .. BEFORE ...’ y
445 TYPE %, (NN(K,M),M=1,NFACE) i
446 ! END IF z
447 D0 3453 M=1,nface :
448 IE (NN(K,M).EQ.KND N
449 . «and, (XC.GT.XL.AND.XC.LT.XU)
450 . .and. (YC.GT.YL.AND.YC.LT.YU) :
451 . .and. (ZC.GT.ZL.AND.ZC.LT.ZU)) :
452 .
453 . NN(K,M)=KND+1 o
454 3453 END DO 1}
455 3455 END DO 'y
456 N
457 d
458 NTON=NTON+1 <
459
460 q0 to 5235 ! s0 that the modifcations are done only once .
A61 ! for each double node .
462 END IF ' (DIST.LT.0.00001) -
463 END DO 1J - LOOP L
464 525  END DO tI - loop L
265 :
466 899 CONTINUE ! SKIP IF NTD=0 ¥
467 ‘
468 write(5,4)’,..00 You Need Mesh with [touble MNodes (Y/N)..’ -
469 READ (5,55) MESH
470 IE (MESH.EQ.’Y’.OR.MESH.EQ.’y’) CALL
AT . MESHPL (XMESH,YMESH,NONX,NONY ,NONZ ,MIP,2, ntype)
A72
473 IE (MESH.EQ.’Y’.OK.MESH.EQ. 'y")
474 write(5,4%)’...Do You Want to Continue (Y/M)..’
75 IE (MESH.EQ.’Y’.0K.HMESH.EQ.’'y ")
A76 .KEAD (5,55) MESH
477 IF (MESH.EQ.'Y’.and.MESH.EQ.’y’) stop -
478 o
A79 'trirtirr ABOVE ARE EOR DOUBLING NODES 'tititirrtiiirnit N
420 .
ag81 ! Material properties ¢
482 OPEN (UNIT=9,FILE='KSAPIN.DAT’,STATUS='NEW’) NERN e
493
A84 nunrat=0 ~
4875 500 read(IkD,550) A, I,V ~
126 1fticgt.nummat) nuamat=i A
P
A- 9
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487 550 FORMAT(A4,14,4X,617.7)

P,
488 IE(A.EQ.’ EL‘) E11(D)=V 2
489 IE(ALEQ.’ ET*) E22(D)=y Q
490 IF(A.ED.’ E2‘) E33(D)=v
491 IEC(A.EQ.’NULT‘) ANUI2(D1)=VXE22(I)/EL1(D) 0
492 IF(A.EQ.‘NUTZ’) ANU23(I)=VAE33(I)/E22(I) qq
493 IF(A.EQ.'NULZ’) ANUL13(I)=VXE33(I)/ELLCI) ¥
494 IE(A.EQ.” GLT) G12(D)=V W,
495 IF(A.EQ.’ GLZ’) G13(D)=v kﬁ
495 IF(A.EQ.’ GTZ’) G23(I)=V
497 IE(A.EQ. ALEL) ALF1(I)=V
498 IECALEQ.’ALET’) ALF2(1)=v
499 IECA.EQ.‘ALEZ’) ALF3(D)=V
500 IE(A.EQ."-1’) G0 1O 560
591 G0 TO 500
502
503 560 DO I=1,10
504 READCIKD,570) (NK(1),]=1,4)
505 570 FORMAT(415)
506 IE(NK(1).EQ.-1) GO TO %79
507 MORT(I)=NK(1)
508 NICI)=NR(2)
509 NICD) =NR(3)
510 NK(I)=NK(4)
511 END DO
S12 579 NORTHO=I-1
513
514
515

516 'THE BELOW FOKRTION IS MODIFICATION TO EIND DIRECTION VECTOK
5.7 '3bove one does not work for hole problems (polar mesh).--

518 € TYPE %, 'NTON’,NTON
513 00 991 I=1,NTON
520 DO 992 J=1,NTON
521 IF (1.EQ.1) GO TO 992
522 IE (ABS(Y(J))-ABS(Y(1)).GT.1.E-06) GO TO 992
523 IE (ABS(Y(I)-Y(I)).GT.1.E-06) GO TQ 992
524 IF (ABS(Z{J))-ABS(Z(I)).6T.1.E~06) GO TO 992
525 If (ABS(Z(1)-2(1)).GT.1.E-06) G0 TO 992
526 IF (X{1)-X(1).LT.0.0) GO IO 992
527 DO 993 K=1,NTON
528 IF (K.£u.l.0R.K.EQ.1) GO TO 993
529 IE ((ABS(X(K))-ABS(X(I))).3T.1.E-06) GO TO 993
. 530 IF (ABS(X(K)-X(I)).GT.1.E-06) GO TO 993
) 531 IF ((ABS(Z(K))-ABS(Z(I1))).GT.1.E-06) GO TO 993
; 532 IF (ABS(Z(K)-Z(1)).GT.1.E-06) GO TO 993
- 533 IF ((Y(K)~Y(I)).LT.0.0) GO TO 993
; 534 DO 994 LLL=1,NTON
- 535 1f (LLL.EQ.I.OK.LLL.EQ.J.OR.LLL.EQ.K) GO TO 994
f $36 IF ((ABS(X(LLL))-ABS(X(I))).GT.1.E-06) GO TO 994
l 537 IF (ABS(X(LLL)>-X(¢I)).GT.1.E-06) GO TO 994
538 IF ((ABS(Y(LLL))-ABS(Y(I))).GT.1.E-06) GO T0 994
539 IF (ABS(Y(LLL)-Y(I)).GT.1.E-06) GD TO 994
540 If ((Z(LLL)-Z(I1)).LT.0.0) GO TO 994
A-10
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541 Lo=1 'y § z coord. same 3s ], xcoord. diff. o
542 LX=] ly § =z coord. same 3s I, xcoord. diff. -
5423 LY=K t.ne.l or J, » & = coord. same 35 I and y is diff. Py
944 LZ=LLL !'.pe. I,J or K, x & y coord. same as [ and z diff, !_
545 G0 T0 995 &
S46 994  CONTINUE o
547 993 CONTINUE NS
548 927 CONT INUE »“;-
391  CONTINUE >

(&
[, -4
L= N

995  CONTIMNUE

w
—

- »
J ‘o
§52 C-- KEAD & GENERATE CONCENTRATED LOAD DATA: - -
553 2
554 NTBE=0 it
555 NINCC=1 -
556 640  READ(IKD,710) N1,A,Y,N2,'INCC b

557 IF(N1.EQ.-1) GO T0 699

558 RS
559 DO I=N1,N2,NINCC 8&
560 NTBE=NTBE+1 3

561 NBE(NTBE)=1 N

562 i£(A.EQ." EX') EX(NIBE)=v L
563 if(A.EQ.’ FY’) EY(NIBE)=vy

564 i£(A.EQ." FZ’) FZ(NTBE)=Yy

565 END DO

566 60 10 640

4 ST ]
‘ ’\"‘.’kﬂ .4'.‘- ‘,"R

567 599 CONTINUE
568 C )
569 C READ & GENERATE DISPL. B.C.E. DATA X
570 C
571 NTBD=0
572 NINCC=1
573 700 READ(IRD,710) N1,A,V,N2,NINCC
574 710 FORMAT(16,1X,A4,1X,F10.0,12X,216)
575 IE(N1.EQ.-1) GO 10 799 N
576 X
577 e
578 IE(V.EQ.0) THEN A
579 [0 I=N1,N2,NINCC g
=80 IE(ALEQ.’ UX’) IX(I,1)=1 ]
581 IE(ALED.. UY’) IX(I,2)=1 o
582 IE(A.EQ.’ UZ’) IX(I,3)=1 o
| 583 END DO %
\ 584 <
585 ELSE N
596 NELTYP=2 4
597 y1=v
589 Y2=0
589 iu=1
=10 IR=0
571 IE(A.EQ.’ UX’) then
592 L(1)=L0
573 L(2)=LY 'LO -» LY ALONG Y DIR. L
594 .(3)=L0 L0 -» LZ ALONG Z DI, o
%
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995 L(4)=LZ
596 else 1f(A.EQ.’ UZ’) then
597 L(1)=LO
598 L(2)=LX
299 L{3)=L0
600 L(4)=LY
601 else if(A.EQ.’ UY’) then
602 L(1)=L0
603 Le2y=LZ
G04 L(3)=L0
605 L{4)=LX
606 END IF
607
608 DO I=Nl1,NZ,NHINCC
609 NTBD=NTRD+]
610 NBD(NTBD)=1
611 bo J=1,4
612 NDCNTBD, 3)=Ld)
613 END DO
Gl4 VD (NTBD)=V]
619 VR(NTIBD)=VZ
616 KUD(NTBD)=1D
617 KR(NTHRD) =1K
Gl8 END DO
619 end 1f
620 G0 T0 700
621 799 CONTINUE
622
623 € wraiting double nodes to rfor0l0.dat, and renumbering displacement
624 ¢ boundary elements and force boundary node number
625
626 do i=nton,l,-1
627 do 1ic=1,2
628 ip=mip(i,1c)
629 if(ip.ne.0) then
630 do 14=1,6
631 tip, 1) =1xdi,id)
632 end do
633 end if
634 end do
635 erd do
ﬁ 636
B 637 1 (ntdrnsd.ge.l) then
= 638 G0 K=1,NTBD
3 639
E 64v NBDK1=AIF(NBD(K), 1)
W 641 NBDK2=MIP(NBD(K),2
. 642 NBD(K)=NBDKI]
. 643 KR(K)=MIP(KK(K), 1)
i 644 KD(K)=MIPCKD(K), 1)
6495
, 646 IE(NBUK2.NE.O) THEN
’ 647 ntbd=ntbd+]
1 648 NBD(NTBD) =NBDK2
:
; A-12
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649

650

651

632

633

654

h9%9
\ 636
! 657
653
659
660
661
662
663
664
665
666
‘ 667
) hHY

669

$70
; 671
672
673
674
673
676
677
678
679
680
681
] 682

683
s -84

685
] 636
‘ 687
688
689
600
- 671
A 672
; 6723

694
) (s
’ 6706
697
! 678
LN
Ton
N1
702

py o 4o =
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KR(NTBD) =KR(K)
KD(NTBD)=KD(K)
VD(NTED)=VD(K)
VR(NTBD)=VR(K)

DO M=1,4
ND(NTBD,M)=ND(K, M)
END DO

END IF

END DO

C RENUMBER NI,NJ,NK (ORIENI. DEEINITION)

[y}

e lw]

1100

1101

11015

[0 K=1,NORTHO
NI(K)=MIP(NI(K),1)
NI(K)=MIP(NJI(K),1)
NKCK)Y=HIF (NK(K),1)
END DO

end 1if ' ntd.qe.l

Kenumbering the force boundary conditions and 3dding
new force boundary conditions of double rnodes if necessary

DO K=1,NTBF

if(mip{nbfi(k),2).ne.0) THEN

WRITE (5,%) ' ....D.N at force b.c; NODE mo..’, NBE(K)

STOP “STOPPING due to double node at force boundary cond.’
END IE

NEE(K)=mip(NBE(K),1)

END DO

OUTFUT NODE DATA

WKITE(9,1100) (HED(I),I=1,18)
FORMAT(18A4)
IADOE=NTDAG

IADOF===ADDITIONAL D.0.F. DUE TO DOUBLE NODES & DISP.RCS,
WRITE(9,1101) NTON,NELTYF, IADOE
FORMAT(IS,15,4X,’1",14X,707,15%, IS

WKITE(9,11015) (IX(1,1},J3=1,6),XC(1),Y(1),2(1),I(1)
EORMAT(4X,’1C’,14,515,3F10.4,5X,F10. ™)

KN=0

WRITE(9,1102) 2,(IX(2,1),J=1,6),X(2),YC2),T02),KN,T(2)
KNH=0

00 I=3,NION-1

IXMl=ix(i, D)=-ix(i-1,1)

IXM2=ix(i,2)-1x(i-1,2)

IXM3=1x(i,3)-ix(i-1,3)

IXMA=ix(1,8)~1%x\v1-1,4,

IXMO=1x(i,3) -1x(i-1,9)

IXM6=ix(i,h)-1x(i-1,6)

DXM=X(D)-X(I-1)
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703
704
705
706
707
708
709
710
711
712
713
714
713
716
717
718
719
720
721
722
723
724
7335
726
727
728
729
730
731
732
733
734
735
736
737
738
739
7490
741
742
743
744
745
746
747
748
749
750
751
752
753
754
759

756
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pYR=Y(D)-Y(I-1)

DZM=Z(1)-Z(I-1)

DIN=T()-T(I-1)

IXPl=i1x(1+1,1)-1x¢1,1)

IXP2=1x(i+1l,2)-1x(1,2)

IXP3=1ix(1+1,3)-1x(1,3)

IXP4=1x(1+1,4)-1x(1,4)

IXPS=ix(i+]l,5)-1x(1,5)

IXP6=1x(i+1,6)-1x(1,06)

DXP=X(1+1)-X(I)

DYF=Y(I+1)-Y(])

DZP=Z2(1+1)-2(1)

DIP=T(I+1)-T(D)

RN=0
IECIXHILEQ.IXFL.AND . IXH2,EQ. IXF2.AND. IXM3.EQ. IXP3.AND.
. IXH4.EQ. IXF4A,AND, IANS.EQ. IXPS.AND. IXMG.EQ. IXPG.AND.
. DXM.EQ.DXP.AND.DYNn.EQ.DYF.AND.DZN.EQ.DZP.AND.
. ODTH.CA.LUTP) KN=1

IF(KN.EQ.OQ)
LHERITE(9,1102) I,(IX¢I,3),1=1,6),X(I),Y(1),Z¢(I),KNH,TC(D)
KNM=KN
1102 FORMAT(IS,615,3F16.4,15,F10.0)

END DO

1=nton

WRITE(9,1102) I,(Ia(I,1),1=1,6),XC(0),Y(1),Z(1),KN,TCD)

1f (neltyp.gt.l) then { OUTFUT EOR B.C.E. #7

MRITE(9,1201) NTED
1201 FORMAT(4X,’7/,15/8%,1.")

00 I=1,NTBD

WRITE(9,1202) NED(I),(ND(I,1),3=1,4),KDCI),KR(I),VDCI),VEK(T)
1202 FOKMAT(71S,9x,2F10.7,° 0.100E+21 ")

END DO

end 1t

OUTPUT ELERENT DATA

[er N o]

MAXNOD=NTYPE

NOPSET=1 tNuwber of sets of data requesting stress output

WKRITE(9,1300) NTOE,NUMHAT ,NOKRTHO,MAXNOD,NOFSET, INTKS, INTT
1300 FOKMAT(4X,’8°,15,15,4%X,/0',159,5X,15,313)

c I=1
do 1=1,nuawat
WKITE(9,1301) I,TZ¢(1),E11(I),E22(1),E33(1),ANUL2(I),ANUL13(]),
LANUZ3CD) ,G12¢D),613¢1),623(¢1) ,ALP1CT) ,ALP2(1) ,ALP3(1)
1301 FOKMAT(IS5,4X,"1’,20X, AXIS#1==0~LAYER; AXIS$#2==90-LAYEK. '/
x£10.0,3£10.0,3£10.4/3110.0,3£€10.7)

cce WKITE(9,13010) T(1),E11¢(I),E22(1),E33(I),ANUL2CI),ANULG( D),

cee LANU23(D),612¢17,613¢1),5623(1) ,ALP1(1),ALP2¢( 1) ,ALF3( D)
13010 FOKMAT(F10.0,3F10.0,3F10.4/3E10.0,3F10.7)
END DO
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757 D0 I=1,NORTHO
758 WRITE(9,13011) MORT(I),NICI) ,NICI), NK(D)
759 13011 FORMAT(41S5)
760 END DO
761
762 13005 FORMAT(415/415/315)
763
764 READCIRD,4) LOC1,L0C2,L0C3,L0C4,L0CS,L0C6,L0CT
765 WRITE(9,13008) LDC1,L0C2,L0C3,L0C4,L0CS,L0C6,L0C7
Th6 13008 FORMAT(7IS) Y,
767 TA=1.0 -
768 IE(T(1).EQ.TZ(1)) TA=0.0 -
769 WRITE (9,13012) TA N
770 12012 EORMAT(///E10.0/) A
771 10P=1 { 1.D.% OF STRESS OUTFPUT LOCATION SET P
772 ISKIPO=0 S
777 -
774 D0 I=1,NTOE o
775 KGM=0 )
776 if(i.gt.1.and. g
777 .IDM(I).EQ. IDM(i-1).AND.MAXES(I) .EQ.MAXES(i-1).AND.IOP.EQ. IOP »
778 . AND.TZ(D).EQ.TZ(i-1).AND.MAT(D).ED.MAT(i-1)) then ?,.
779 KGM1=NN(I,7)-NN(I-1,7) . 5
780 KGM2=NN(T1,8)-NN(I-1,8) A
781 KGM3=NN(T,5)-NN(I-1,5) -
782 KGMA=NN(T,6)-NN(1-1,6) v
783 KGM5=NN(1,3)-NN(I-1,3) P
784 KGM6=NN(1,4)-NN(I-1,4) e
785 KGM7=NN(I,1)-NN(I-1,1) e
786 KGM8=NN(1,2)-NN(I-1,2) gy
787 KGMHX=MAXO0 (KGM1,KGM2,KGH3, KGM4 KGNS, KGNKG , KOH7 , KGMS) .
788 KGMMN=MINO(KGM1,KGM2 ,KGM3,KiGHA  KGHS, FGMG6 ,KGMT .KGHB) e
7g9 TE(KGMMX.EQ.KGHMN)  KGM=KGHMX E
Tan end if hCE
791 n
792 KGE=0 -
723 ifti.lt.ntoe.and. o
794 LIDMCT) JEQ.IDM(I+1) .AND.MAXES( ) .ER.MAXES(I+1.AND. IOP.ED. I0F el
795 . LAND.TZ(D).EQ.TZ(I+1).AMDLHAT(I).EQ.MAT(I+1)) then .
796 KGP1=NN(I+1,7)-NN(1,7) =
797 KGP2=NN(I+1,8)-NN(1,8) Y
"ag KGP3=NN(I41,5)-NN(I,5) y
99 KRPA=NN(I+1,6)-NN(1,6) -
800 KEPS=NN(I+1,3)-NN(I,3) o
301 KGPG=NN(I+1,4)-NN(I,4) .
202 KGP7=NN(I+1,1)-NN(I,1) s
an3 KGPB=NN(1+1,2)-NN(I,2) 3
304 KGPMX=MAXO (KGP1 ,KGF2,KGP3,KGFA  KGES  KGFG KGF7  KGPB) =
805 KOPMN=MINO(KGP1 ,KGP2 ,KAP3,KGPA KGFS KGPG,UGE? ,HGPB) :.»::
306 IE(KGPMX, EQ.KGPMN)  KGP=KGPMX e
207 end if i‘ R
209 ISKIP=0 :
209 - ISKIP=1 :i
219 k9z=0 o
:i
\-l‘
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311 if(iskipo.eq.0.5nd.k3p.3t.0) kgz=kgp

a12 I1=1

813 WRITE(9,x) I,ISKIFG,ISKIP,KGM,KGP

814 IE(ISKIP.EQ.O)THEN

8l WRITE(9,13025)11,1DM(IL),MAXES(IL), I0F,TZ(I1),kgz
816 SMAT(IL), (NNCIY,1X),IX=1,NTYPE)

817 END IF

al8 25 EOKMAT(IS,I115,215,F10.0,15,10X,I15/1615/815)
319 ISKIPO=1ISKIF

820 KGHO=KGn

821 END DO

822 2 FEORWATC(IS,I15,215,F1G6.0,15X,15/815)

823

824 NBHN=0

8329 DO J=1,NThE

826 NBM=99999

827 DO I=1,NTEE

828 TE(NBE(I) .LT.NBA.AND.NBECI) .GT.NBHN) THEN
829 NBM=NBE( )

830 In=1

831 END IF

832 ENDL DO

833 ID1(3)=1In

8314 NBHN=NBn

335 END DO

836

837 D0 J=1,NTBF

838 I=101 (1)

839 WRITE(9,1303) NEEC(I),EXCI),EY(I),EZ(])

840 END DO

841 FORMAT(19,4%X,°1’,3F10.4)

842

843 WKITE(9,1305)

844 S EDRMAT(/8X,’'1.")

845

846 WRITE (9,1306)

847 FORMAT(1X, 0’ /1X, 0" /1X,’0 0 0°//1X,79999 9999 ¢’)
848 WRITE (10,4%)

849 WRITE (10,4%) * ....For Crack Simulation...’
350 WKITE (10,x) * OKIG. NUDES DOUBLE NODES '’
891 WKITE (10,4) '

852 ntono=nton-ntd-nsd

853 write (9,8128) ntd

854 do 850 1=1,ntono

839 if (m1pC1,2).ne.0) then

856 do 860 j=l,nsd

857 1f (1.eq.nons(})) wri1te(l10,8126) I,mip(i,l),m1p(1,2)
858 1f (i.eq.nons())) 50 ta 850

859 860 continue

860 write(9,8123) wip(1,1),m1p(i,2),I

861 end 1f

862 850 continue

863 8125 format(215,70 111,

864 8126 format(2X,I15,3X,219)
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863
866
867
868
869
370
871
873

873

c

c
f-—

2128

8'7.1 r

875
876
877
878
879
880
881
882
883
384
385
886
887
888
889
890
891
892
893
894
895
396
897
898
879
9200
701
02
203
104
205
206
07
908
ana
210
211
212
713
214
21%
Gl
717
218

819

201

do i=1,ntono
if(mip(i,2).ne.0) then
writing in the order they are qiven in the input file----
do i=1,ntd
ii=pond(i)
do j=1,3
write(9,8128) mip(ii,1),mip(ii,2),3,11 !
end do
forwst(2i5,13,5X, " ! L IT)
end 1f
end do

CLOSE (UNIT=9)
STOP
END

subroutine split (NION,ntd,1dir,rnond,mip,:,y,z,T,
.ntype,nos,NN,ntoe)
dimension nond(1l),mip(4000,2),ifa3ce(9),jface(9),naos(1),T(1)
«yx3(400) ,yd(400),24(400) (1), (1) ,2(1),nn(3000,21)
NFE=4
IE (NTYPE.EQ,21) NEE=9
STORE COORD. OF THE NODES TO ®% DOUBLED
CORRECTIONS FOR DOURLE NODES IN « or y or = -direction--

DO 819 I=1,4
[EACE(I)=1+4

JEACE(I) =1

I[EACE(S5)=13

IEACE(6)=14

IEACE(7)=27

IFACE(B) =16

IFACE(9)=15

JEACE(3)=9

JEACE(6)=10

JEACE(7)=26

JEACE(8)=12

JEACE(9)=11
NTELK=NOS(1)ANOS(2) '!NTELR--TOTAL MUMKRER OF ELEM. IN AN ELE-LAYEE
IF (IDIX.LT.1.0R.IDIR.GT.3) INIP=3
IF (IDIR-2) 901,902,903
IEACE(1) =2

IFACE(2)=3

IFACE(3)=6

IEACE(4)=7

JEACE(1)=1

JEACE(2)=4

JEACE(3)=5

JEACE(4)=8

[FACE(3)=10

IFACE(G6)=18

IFACE(7)=23

IEACE(B) =19
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.
919 IEACE(9)=14 ]
920 JEACE(S)=12 2
921 JEACE(6)=17 A
922 JEACE(7)=22
923 JEACE(8)=20 -
924 IFACE(9)=16 -
925 NTELR=1 N
926 60 TO 903 o
927 902  IFACE(1)=3 o
928 IFACE(2)=4 P
929 JEACE(1)=2 =
930 JEACE(2)=1 ~ 4
931 JEACE(3)=6 e
932 JEACE(4)=5 -
933 IFACE(S)=11 N
934 IFACE(6)=19 P
935 [FACE(7)=29 7
936 IEACE(8)=20 o~
937 C IFACE(9) =15 !
938 C JEACE(S) =9 .
939 IEACE(6) =13 7
940 JFACE(7)=24 .
941 JEACE(8)=17
942 JFACE(9)=13
943 NTELK=NOS(1)
944 903  CONTINUE
945
946 00 701 I=1,NTDL-1
247 ICHANGE-D
948 Do 702 I=1,NI1U-1I
949 J1=1+1
950 IE (NONDCJI) .LT.NGxLi<J3)) GO TO 702
951 ICHANGE=1
952 AA=NOND(J)
953 NOND( 1) =ROND(ID)
Y 954 NOND(JJ)=hA
- 955 702  CONTINUE
i 956 IE (ICHANGE.EQ.0) GO TO 703
" 957 701  CONTINUE
‘ 958 .
; 959 703  CONTINUE b
. 960 Lo I=1,NTD .-
’ 961 XDCI)=X(NONDCT)) p
i 962 YDCD)=Y(NONLCT)) <
963 ZDCIY =Z(NONL I e
| 964 END DO
' 965 C-- COKKECTIONS DOUB. NODES. ENDS.--
; 966
. 967 C  FIND KND (THE # OF THE NODE CURKENTLY TO BE DOURLED)
‘ 98 D0 830 I=1,NTD
969 BU 820 J=NOND(I),NTON
970 DIE=SORT((X(I)-XDCI))AA2+ (Y (I} -YD(I))AA2+
971 NEAGIEVATSRTY 3] .
972 C IECA(]).NE.XDB(D)) 5O TO 820 n
Y
>
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b I
b -2
~4
; 3
) »
N ’
I 373 € IE(Y(J).NE.YD(D)) GO TO 820 ‘4
974 C IF(Z(J).NE.ZD(I)) GO TO 820 ;
375 IF (DIF.GT.1.0E-13) GO TO 820
- 976 KND=J ;
\ 977 GO T0 825 ! GET OUT OF I LOOP "
| 979 820 CONTINUE -4
279 825 CONTINUE -
980 C BEGIN CHANGING NODE NUMBERS & COORID, .
981 C CHANGE NODE NUMBERS
T 282 D0 J=1,NTOE )
K. 283 10 K=1,ntype }
- 284 IF (NN(J,K).GT.KND) THEN By
A 985 NNCI,K) =NNCT, K)+1 5
’ 286 END IF P
287 END DO
988 END DO by
989
_ 990 C-- substitution FOR DOUB. NODES % or y or = dir.-- )
; 791 .
N 992 00 K=1,NTOE i
293 DO M=1,NEE 7
; 994 MM=JFACE(M) -
N 995 IE (NN(K,MM).Z0.KND) THEN .
N 996 MI=IFACE(M) N
\ 997 NN(K+NTELK,MJ)=KND+1 2
[ 298 END IF N
991 END DO i
1000 END [0
" 1001
2 1002 =-- corrections for doub. nodes ends,.-- <
: 1003 .
< 1004 C CHANGING COORD. A
1005 D0 J=NTON,KND,-1 '
. 1006 X(J+1)=X(J) 3
: 1007 ((I+1) =Y (1) N
R 1008 1(J+1)=2(1) f
a 1009 T(I+D)=T(D) L
- 1010 END DO N
. 1011 NTON=NTON+1 )
N 1012 £30 CONTINUE 2
[ 19123 return A
N 1014 ond -
™ )
LY IN1H ciszzzs===z==zczz=s=Ss-sooso=Z=S=oISS=SC-TTISISISSITToSITmILISnEc N
N 1014 subroutine delete(non,nony, nans, ntd, nord -
' 1017 dimension nond(1l)
1018 I1XXN=nons ~
, 1017 1yy=nonxknonz o
b 1020 IENO=¢ b
N 1021 [0 422 I=1,NONZ "3
1022 [0 422 J=1,NONY ,
1027 [0 422 K=1,NONX
. 1024 If (MOD(I,2).£Q.0) GO T0 411 -
N 1025 IE (MOD(J,2).NE.O.OR.MOT(K,2) NELO) 60 TD 422 ]
A 1nin - [-0dd, j,k-even...cosee.. ;
) -
" -
N A-17 )
b5
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1u28
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1033
1034
103%
1036
1037
1638
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30 to 421
1fleuad(()rk),20egq.0) 30 to 422
1353yykl -l raanaik-1)+1
do 425 1=1,ntd
1if (13.ne.ncndil)) 50 to 425
itno=1fnotl
do 426 w=l+l,ntd
nond(a-1)=nard (w
90 to 427
cantinue
30 to 42C
427 ntd=ntd-1
422 continuye
C type A,ntd
C type Ax,(nond(1),i=],ntd)
retura
end

411
421

426

425

Program *ndsH.SO0RY to be used with

plot cannot be Jdispliyed on TITY.
this routine ASSIGN 3
IFLOT = 1 ariginal nades

[PLOT = 2 sfter Jouble nodes

LOGICALAL ETL,ESC
CHAKACTEK %1 JUNK,MESH
DATA ETX/*3/,ESC/ "33/
DIMENSION X(4000),1(4000)

«pm1pl4v00,2)
NTOT=NONXANONTANONZ
Do 2 I=1,NT01
X(I)=Xx(I)

2 YD =YY ()

JXX (1Y, YY (1)

IX=NONZ
IY=NONXANUNZ
C-- SCALING THE COUKUINATES-==~=~====-=
XHIN=5000.
XBAX=-5000.
YHIN=5000.
YMAX=-5000.
00 S0 1=1,NTOT
IE (XCD).GT.XHAX)
IF (X(I).LT.XHIN)
IE (((D).GT.TRAX)
50 IE (Y(I/ . LT.YHIN)D
WKITZ (5,47 "TYPE

KRAX=X(1) -
XRIN=X(D)
YRAX=Y(T)
THIN=Y(])
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‘PREPRO214.EOK”
Ihis routine plots the wesh in xy-direction..

c-- Ihis routine 1s based on HP-GL lanquage. The
Before using

HF plotter to FOR090

LEVEL rno. to plotted..’
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1081
1082
1083
1084
1085
1086
1087
1088
1989
1090
1091
1092
1093
1094
1095
1096
1097
1093
1099
1100
1101
1102
1103
1104
1109
1106
1107
1108
1109
1110
1111
1112
1113
1114
1113
1116
1117
1118
1119
1120
1121
1122
1122
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1124

-

ST

2999

. AL, UN319:07,/,7 INGDE;, )

READ (5,4) LEVEL
N=LEVEL
XLL=XMIN
YLL=YMIN
XMM=XMAX
YMM=YMAX
YL=XMM-XLL
YL=YMM-YLL
WRITE (3,4) * DO YOU WANT T0O GIVE X,7 LIMITS..? (Y/N)’
READ (5,33) MESH

IF (MESH.EQ.'Y’.0OK.MESH.EQ. y’) THEN

WRITE (5,A)’ ENTER X- LIMITS’

READ (9,4) XLL,XMM

WRITE (3,%)’ ENTER Y- LIMITS’

READ (5,%) YLL,YMM

XL=XM¥M-XLL

YL=YMM-YLL

END IF

X0=630.0

Y0=1246.0

Xc= 8800.0/XL

Yc=6000.0/YL

SC=xc

IE (XCkyl.9t.6000.0) SC=yc

IE (XL.LT.YL) THEN
X0=1246.0

Y0=650.0

Xe= 6000.0/XL

Yc=8800.0/YL

SC=wuc

IF (XCky1.9t.8800.0) SC=yc
END IF

type %,’x1l,yl’,xl,yl
00 1 I=1,NTOT :
X(1)=(X(1)-XLL)X5C+XD ’
YCD=(YCID)-YLL) ASC+YO Y

Ly, '..- '.-'.. “- _'v .

P

type k,x(1),x(ntot)

type %,y(1),y(ntot)

WRITE (90,9999) ESC,ESC,ESC,ESC

FORMAT (7 /AL, ./, /7, “, AL, .00,/ " AL, T40;170 /" 7,

WRITE (90,%),’SP1;’
WKITE (90,4),’ VS15.0;"
IE (XL.LT.YL) THEN
WRITE (90,%) ’ K090;"
WKITE (90,%) * IP;IW:’
END IF

XMH= (XMM-XLL)ASC+XD
YMM=(YMM-YLL)ASC+YOD
XLL=X0
YLL=YO




Jl=level
J2=(nony-1iA1y+3l
DO 111 I=1,NONT
TYPE Xx,7(1),YLL
CALL LImIT (Y,YLL,l,j2,1y,10)
CALL LIWIT {Y,Yhn,J1,j2,1y,J32)
J2=TE2(Y,(nM,11,0d0NY, 1)
TYFE %,’20 LOOF‘,11,32
po 20 J=11,12,1vy
Nxl=}
NX2=nnlsI7-1x
CALL LIWMIT (x,ALL,NX1,nX2,IX,NX1)
CALL LImIT (X,xnM,NX1,NX2,IX,NX2)
NXI=IELl (X, XLL,NX1,NX2,IX)
NX2=TE2(X, XnH,NX1,NX2, IX)
TYPE x,* 10 LOOP ,NX1,NX2
TYPE &, X(NXL1), YUNX1),X(NX2),Y(NX2)
DO 10 I=NX1,NX32,IX
IF (1.eq.ril) WKITE (90,101), X(D),Y(I)
WKITE (990,104), X(D),Y(D)
FORMAT ¢’ FD’,2F11.3,73")
continue
WKITE (90,47 * FU;°

Il=level
I2=(NONX-1) K1x+r ]
CALL LImIT (X,XLL,11,12,IX,il)
CALL LIMIT (X,XnMM,11,12,1IX,i2)
I1=]JF1(X,XLL,1,NONX,1)
I2=1F2(X,XNN, [1,NONX,1)
TYPE %, 30 LOOP’,I1,I2
Do 30 I=11,12,IX
NYl=1
NY2=NYl+{(nony-1)AIY
CALL LIWIT ¢Y,YLL,NYl,NY2,1y,NY])
CALL LIMIT Cf,YRH,NYY1,NY2,1y,NY2)
NY1=IEL1(Y,YLL,NYL1,NY2,IY)
NY2=TE2¢T, YMA,NYL1,NY2Z, IY)
TYPE &, ' 40 LOOGP ‘,NY1,NY2
DO 40 J=NY1,NY2, 1Y
IE (J.EG.NY1) WKITE (90,101), X(I),Y(D)
WRITE (90,102), X(1),Y(D)
CONT INUE
FORMAT ¢’ PU;PA’,2F11.3,7;")
FORMAT (' PL’,2F11.3,7;")
WKITE (90,4) “ PU,;’

MKITE (S,4) ‘D0 YOU NEED wODE NOS. (Y/N)..-
READ (5,33) JUNK

EOKMAT (A)

IE (JUNK.EQ.’(’.0K.JUNK.EQ.’y’) GO TO 44

G0 TO 66

WKITE (5,4) '..ENTEK $5X,58Y...°
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READ (5,%k) SSX,SSY
§8X=0.1
$5Y=0.195
WKITING THE NODE NUMBERS
WRITE (90,%)’SI10.1,0.15;"
Jl=level
J2=(nony-1)kiy+jl
CALL LIMIT (Y,YLL,jl,j2,iy,J1)
CALL LIMIT (Y, YMN,J1,i2,iy,Jd)
po 100 J=11,32,1IY
NX1=j
NX2=nxl+IY-1ix
CALL LIMIT (X,XLL,NX1,NX2,IX,NXD)
CALL LIMIT (X,XMM,NX1,NX2,IX,NX2)

VR SRS

TYPE &, (KK,KK=NX1,NX2,IX)

00 100 IN=NX1,NX2,IX

NXX=(IN-NX1)/1X+1 Iskipping the face nos,.
IF (MOD(J,2).EQ.0.AND.MOD(NXX,2).£Q0.0.3nd.
ntype.erq.21)G0 T0 100

I=1IN

IE (IPLOT.EQ.2) I=MIP(IN,1)

SPL=-0.8

XXX=X(IN)

YYY=YCIN)

IF (XXX.LT.XLL.OR.YYY.LT.YLL) GO IO 100

IF (XXX.GT.XMM.OR.YYY.GT.YMM) GO TD 100
CALL SYMB (XXX,YYY,SPL, D)

IF (IPLOT.EQ.1) GO TO 100

I=MIP(IN,2)

SPL=0.2

IF (I.NE.Q) CALL SYMB (XXX,YYY,SFL,D)
WRITE (90,%) ’ FU;’

WKITE (90,%),’SP0O;’

WRITE (5,%) 'TYPE another LEVEL no. to plotted..’
READ (5,%) LEVEL

if (level.ne.0) g0 to 888

RETURN

END

AP
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SUBKOUTINE SYMB (X,Y,SPL,I)

LOGICALAl ETX,ESC

DATA ETX/'3/,ESC/*33/

NC=1

IF (1.GT.9) NC=2

If (1.67.99) NC=3

IF (1.6T.999) NC=4

IF (1.67.9999) NC=5

IF (1.GT.99999) NC=6
SPC=-(0.33+0.5A(NC-1))+2.

WRITE (90,101), X,Y

IE (NC.EQ.1) WRITE (90,201) SPC,SPL,I,ETY
IE (NC.EQ.2) WRITE (90,202) SFC,SPL,I,EIX
IF (NC.EQ.3) WRITE (90,203) SPC,3FL,T,ETX
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1243 IF (NC.Eu.4) WKITE (90,204) SPC,SPL,I,ETX ::
1244 IF (NC.EQ.S) WRITE (90,205) SPC,SPL,I,EIX w3l
1249 iF (NC.EQ.0) WRITE (90,206) SPC,SPL,I,ETX i
1246 101 EOKMAT (° PU;PA’,2F11.3,737) an
1247 201 EOKMAT (' CP’,2F6.2,7 LB’ ,I1,A2) 3
1248 202 FORMAT (° CP’,2F6.2,’;LB’,12,A2)
1249 203 FORMAT (° CP’,2E6.2, ;LB ,I3,A2)
1250 204 FOKMAT (’ CP‘,2F6.2,'LB',14,A2) o
1251 208 FOKMAT (’ CP’,2FG.2," ;LB ,15,A2)
1252 206 FOKRMAT (° CP',2F6.2,7;LB’,16,A2) 3
1253 KETURN iy
1234 END e
1255 ]
1236 SUBKROUTINE LIMIT (A,AL,Il,I2,IN,IFL) f
1257 c-- to find the lower limit of do loop... f
1298 DIKENSION A(1) Ny
1259 po 10 I=11,12,IN :i
1260 C TYFE %,a(I),AL s
1261 IF (ACD).GE.(AL-1.0E-03)) THEN :j
1262 IF1=1 e
1263 KETUKN )
1264 NI IE =
1265 10 CONT INUE o
1266 END N
1267 .
1268 INTEGER EUNCTION IF2(A,AL,Il,I2,IN) -:i
1269 c-- to find the lower limit of do loop... 1
1270 DINENSION A(1) R
1271 IF2=12 .
1272 B0 10 I=I1,12,IN o
1273 C type k,a3(1),al :.
1374 IF (AC(I).GE.(AL-1.0E-03)) THEN W
1275 IFl=1 -
1276 KRETURN e,
1277 END IE b
1278 10 CONT INUE >
1279 END e
1280 -:
1281 ci======z=c==z==z=z==z=-=z====zz=z-==c=zz==SScSzZ=z=SS=====TZ====T===== \ ;
1282 SURROUTINE HOLE(r:,NONX,NONY,NONZ,XX,YY,ZZ,X,Y,2) 3
1283 €  GENERATING POLAR COOKDINATES AND POLAR MESH-- N
1284 DIMENSION XX(1),YY(1),2Z2(1),X(1),Y(1),R(100),NC(4) ‘::
1285 . L2 Y
1286 ¢ TYPE &, (XX(I),I=1,NONX) o
1287 ¢ TYPE &, ((Y(I),I=1,NONY) )
1288 ¢ IYPE %,(22(I),I=1,NONZ) Ny
1289 p1=3.1415926S et
1290 EFS=1.0E-05 <)
1291 g
1292 IX=NONZ g
1293 IY=NONXANONZ I
1294 DO 31 I=1,NONX -
1295 rad=r :.
1296 1f («x(1)une.0.0)rad=sqrt(xx{1)RA2+4rkA2) iy
-
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1237
1298
1299
1300
1201
1302
1303
1204
1309
1396
1367
1308
1307
1317
1311
1212
1313
1314
1317
1316
1317
1318
1319
1320
1321

12700

323
1324
1323
1326

1327

132

1329 &

1330

1351

L e A NN e

(99}

g 31 J=1,NONY

soor=iae(l)
if Lyy(jYilefrx~eps)) then
“RRETad

if {yy()ene00)ieei=sgqri (raddsl-yy i 440

abk =i -1 kiy+(1-2)kix+]
TYFE &,NBK

1f (Caoc-a2(nbk) Yot ({2 - 1)}

end 1f

ney=(I-D)VAIT+(I-1)ATX
00 31 K=1,NONZ
N=ruiy+K

IE (I.EQ.NONX) £{(M)=XXiNOMY
YTIN)Y=YY (D)
TN =220
continue

correcting for center modes for L1 node =zlement....

00 20 K=1,NONZ

DO C0 J=1,HONY

po0 20 I=1,HONX

IF (MOD(I,2) .,NE.O) GO TO0 20
N=(I-1)AIY+ L I-1D ALY 4K

LN = (XIN=-TXY+ XN+ T 2,0
COMTINUE

do 30 j=1,nony

do 30 i=1l,nonx
n=(j-1)&iy+(1-12 k1041

type *,nmyiin),y(n)

CONT INUE

RETURN

END
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C Ax Ak Kkk Ak KA Ak Ak Ak Ak ARA Ak kA Ak Ak Akx  AA Az &k o

I .

L KSAr 11 _

C SInPLIFIED VEKSION OF SAF4 EOK b

c USING ELERENT TYPE 8 ONLY ;ﬁ

C ‘e

c Septesber 1987 o

: ¥

c %

C »

C Ak K&k KAk Ak XA XA XA  Xx Ak Ak kk kk  kk Ak Ak Ak xr =& S

C —_—
INFLICIT KEALAB(A-H,0-2) o
REALX4 T,TT
COMMON /JUNK / HED«12),JUK(406)

COMMON /ELFAR/ NPARC14),4UnNP,MBAND,NELTYP,N1,N2,N3,N4 NS, nT0T,NEQ
COMHON /EM/ QQQ(28B4G)

COMMON /DYN/ [DUSC11) ,NDYN

COXMON /TAPES/ NGG(G)

COMMON /EXTkA/ MODEX NT8,N10SV,NT10,KEGQB,NUMEL,TI(10)

COMMON /SOL/  NELOUn,NEQB,LL,NE,IDUM,NEIG,NAD,NVV,ANORM,NEU

C

C PKOGRAM CAPACITY CONTROLLED BY THE FOLLOWING TWO STATEMENTS ...

C
COMMON A(GSOUGL) ICHANGE n10T ALSO

C

€ -- OPEN SCRATCH EILES

c OFEN (UNIT=1,S5TATUS='UNKNOWN’ ,FORM='UNFORMATIED")

k ______________________________________________________________________________
openfunit=1,FILE=‘SCR:LASW.EMANI]’ ,status="scratceh’,

.form=‘unformatted’)

! openfunit=2,status="scratch’,forn="unformatted’) bdr 30
opern {un1t=2,f1le='5CK:[ASW.ENANIT’ ,status='new’ ,blocksize=4800, .
faorm=‘unformatted’) lws30: E;

! openftunit=3,status='scratch’,form="unformatted’) Ydra0: “
apen (urit=3,f1le=‘UIL:[ASW.EMANI]’,status="new’,blocksize=4800, e
.forn="unformatted’) wsad: e

! open (unit=3,file='NSA0:[ESK]’,status="new’,blocksize=4800, t:

| .fore='unformatted’) 'msa0: %)
OPEN (UNIT=4,FILE='SCR:[ASW.EMANI1’,STATUS='NEW',BLOCKSIZE=4800, ]
.FORM="UNFORNATTELD") Ydaz0: ot

{ open{unit=55,status='UNKNOWN’ ,fora="unformatted’) 'drav 5
OPEN (UNIT=95,FILE='SCR:CASW.EMANI]’, STATUS='NEW’',BLOCKSIZE=4800, ﬁ
.FOKN="UNFOKMATTED ') 'DHAQ: -
open(unit=8,EILE="5CK:(ASW.EMANI]’ ,status='scratch’, o
.FOKM="UNFOKMATTED’) T dw3a0: )
openfunit=9 , FILE='SCKk:CASW.EMANI]’',status='scratch’, ~
.EORHM="UNEOKNATTED") ' dmav: -

C OPEN (UNIT=15,STATUS='SCRATCH' ,EORN="UNEORMATTED") IOkRO: .
openfunit=16,EILE='SCKk:[ASW.EMANI]’ ,status='scratch’, i
.EFOKM='UNEOKMATTED ) 1 dmal: ~
open(unit=18,FILE="SCk:[ASW.EMANI]’ ,st3tus="scratch’, f
LFORM="UNEORAATTIED ) fimag:

apen (unit=19,f1le=’workdaone.wok’,status="new’) tdr a0
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D)
2! 99 open (unit=33,file='SCR:CASW.EMANIIDISP.dat’,st tus="new’)
N 56 open (unit=34,file='ksapout.dat’,status='new’) A _
- S OPEN «UnIl=19,FILE= SCR:LASw.EMANI]’ ,STATUS="NEW’ ,BLUCKD [LlE=4b0v,
s 58 .FORM="UNEORMATTED')
s 59
Y B0 K=—m oo oo m oo e e e e e e e m—mmmm -
6]
i 62 ! THE following should be 1 less than A() dimension
63 NTOT= 6350000 1 300000
64
- SC USE THE IBM FOKTRAN EXTENDED ERROR HANDLING FACILITY IO
- 66 C ELININATE PRINTOUT OF UNDERFLOW ERROR MESSAGE (EKKOkK NUMEEK 208)
' 67 €
68 C CALL ERKSET (208,256,-1,1)
69 C
o 70 C
y 71 CALL STIME
‘:0 72 C
: 73 NT8 = 8
s 74 REWIND NI8
- 75 NT10= 10
: 76 REWIND NT10
v 77 N1l=1
! 78 C
) 79 C PROGEANW CONTEOL DATA
\
k 80 C
81 S CALL TTIME(TI(1))
y 82 READ (5,100,END=990) HED,NUMNP,NELTYP,LL,NF,NDYN,MODEX,NAD,
X 83 1 KEQR,N10SV,NDOF
y 84 IF(HODEX.GT.0) MODEX = 1 .
g 85 IF (NUMNP.EQ.Q) STOP
- 86 WKITE (33,200) HED,NUMNP,NELTYP,LL,NF,NDYN,MODEX,NAD,KEQE,N10SV
b 87 WRITE (19,299) HED !WORKDONE.WOK FILE TILTE.....
’ 88 WKITE (34,299) HED !KSAPOUT.DAT (STRESSES) FILE TILTE.....
o 89 IE(KEQB.LT.2) KEQB = 99999
90 IF (NDYN.NE.O) LL=1
1 91 IF(LL.GE.1) GO TO 10
N 92 WKITE (33,300)
93 STOP

- 94 Chkkk DATA POKTHOLE SAVE
A 95 10 IF(MODEX.EQ.1)

g 96 KWKITE (NT8) HED, NUMNF ,NELTYP,LL,NE,NDYN
" 97 C
98 KDYN = IABS(NDYN) +1

. 99 IF(KDYN.LE.S) GO TO 14

= 100 WKITE (33,310) NDYN

X 101 STOF

. 102 C
X 103 ¢C KE-STAKT MODE ACTIVATED IF NDYN.EQ.-2 OK NDYN.EG.-3
2 104 C

X 105 14 IE(NDYN.LT.O) 60 TO 20

. 106 C

107 € INPUT JO0INT DATA
: 108 €
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N2=N1+LANUNNF

N3=N2+NUNNF

Na=No s uhid

NO=N4+NUHNF

N6E=NG+NUMNE

IE(NG.GT.NTIOT) CALL EKRKOK(NG-MIOT)

CALL INPUTJICA(NL) ,ACNZ) ,ACN3),A(N4),A(NS) NUHNF,NEQ)
FOk#NM ELERENT STIFENESSES

CALL TTInmECT(21)

RBAND=0

NUMEL=v

KEWIND 1
KEWIND 2

[ IS I 0 IS SV TN SNy 30 I SO I 8

a N 6 WL o2

DO 900 nM=1,NELTYF

kKEAu (5.1001) NFAR

DATA FOKTIHOLE SAVE
IE(MODEX.EQ.1) WKITE (NI8) NFAR
WKITE (1) NFPAK
NUMEL=NUMEL+NPAR(2)
MIYPE=NPAK(1)

CALL ELTYPE(HTYFE)
CONTINUE

DETEERNIwNGL BLOCKSTIZE

ADDSTE

LL1=LL+NLOE IN the following LL 1s replaced with LLI
NEQB=(MTOT - AaLL)/(#BaND + LL1 + 1)/2 tmodified with ndof

OVEK-KILE THE SYSTEM MATKIX BLOCKSIZE WITH THE INPUT (NON-ZEKG)
VALUE, KEGE.

THIS OVEKR-KIDE ENTKY IS TO ALLOW PROGRAM CHECKING OF HULTI-
BLOCK ALGOKITHAS WITH WiAT WOULD NORMALLY BE ONE ELOCK BATa.

[E(KEQB.LT.NEQB) NEGB = KEQB
50 10 ¢690,700,700,700,730), KDIN
STATIC SOLUTION

CONTINUE

NEQB1=(MTOT - nbaND)/(24(nBAND+LLY) + 1)

NEQB2=(nTOT - MBAND - LL1 X(HMBAND-2))/(3ALL1 + MBAND + 1)
IF (NEQB1.LT.NEGk) NEQB=NEQB1

IF (NEQB2.LT.NEQE) NEQB=NEQB2

NBLOCK = (NEG-1)/NLQE +1

L U S P P P T i M S
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163 IF(NEQB.GT.NEQ) NEQB=NEQ
164 G0 10 790

165 C

166 C EIGENSOLUTION

167 C

168 C 1. DETERHINANT SEAKCH ALGORITHM

169 C

170 700 IF (NEQB.LT.NEQ) GO TO 710

171 NIM=3

172 NC=NE + nIn

173 NUM=6

174 NCA=NEQARAXO (HEAND , NC)

175 NTOT=NCA + 4ANEQ + 2ANUNANEQ + SANC

176 NEIG=0

177 IF(NTOT.LE.nTOT) GO TO 720

178

179 € 2. SUBSPACE ITERATION ALGOKITHM :

180 C N
181 710 NV=MINO(2ANE,NE+a) N
182 IE (NAD.NZ.0) NVY=NAD N
183 NEGE1=(HTOT - MBANE)/(2AMBAND + 1) ¥
184 NEQB2=(MTOT - MBAND - 2NV - NUA(MBAND-2))/(3ANV + MBAND + 1) ’
185 NEQE3=(MTIOT - 3ANVANY - 3ANV)/(2ANV + 1) :
186 NEQB4=(MTOT - GANV)/(1 + NBAND) g
187 IF (NEQB1.LT.NEQB) NEQB=NEQBI1 bt
188 IF (NEQB2.LT.NEQE) NERE=NEQB2 v
189 IF (NEQB3.LT.NEQB) NEDB=NEQB3 3
190 IE (NEOB4.LT.NEOB) NEQB=NEQB4 E,
191 NEIG=1 o
192 C o
193 720 CONTINUE A,
194 NBLOCK = (NEQ@-1)/NEQE +1 o~
195 IF (NEQB.GE.NEQ) NEQE=NEG e
196 C L

197 ¢ HISTOKY OK SPECTRUM ANALYSIS -3
198 C >
199 KKEW = 1000 =
200 NTOT = NBLOCKANEQBANE + KREM o
201 IE(HTOT.LT.NTOT) “e
202 XWRITE (33,320) '
203 G0 TO 790 _

204 C 2
205 C STEF-BY-STEP DIRECT INTEGRATION :
206 C -
207 730 CONTINUE :
208 C DISFLACEMENT COMPONENTS FOK DIRECT OUTPUT (ANSD4) Ev
209 NN2 = NEQ A
210 C DISPLACEMENT COMPONENIS KEQUIRED FOR RECQVERY OF ALL OF THE N
211 ¢ KEQUESTED ELEMENT STKESS COMPONENTS (ANSSK) =
212 NN3 = NEQ -
213 ¢ E’
214 C 1. DECOMPOSITION

215 C n
216 NEQBl = (MTOT-NN2-NN3-NEQ-MBAND)/(2AMBAND+1) E*
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2. TIHF INTEGKATION PHASE

ncal=s NBAND+IA(NNIHNN3) +SANEQ +(2AMBAND+1)

write (33,555) wcal
format(//5¢,’ Minimua diwmension, HIOT, required for array A{ )
= 4, 18/78X,50 0 HeY /)
1f(mtot.le.ncsl) STOP ! Abrnormal stop as dim. of A 1s 1nsulficlent

NEQB2 = (ATUT-nbAnD-2Ax(NN2+NN3)-SANED) /7 (MBAND+1)

IE(NEQBL.LT.NEQB) NEUp = NEGBI
IF(NEGB2.LT.NEQB) NEGB = NEQB2
IF(NEQB.GT.NEQ) NEQB = NEO
NBLOCK = (NEOQ-1)/NEGB +1

3. INPUT PHASE

NUMBEK OF TIME FUNCTIONS (ANENK)

NNZ = 10

MAXIMUR NUnbER OF FUNCTION DEFINITION POINIS (AMXLEX)
NN3 = 40

NNA = GANUMNE + ZANNZANEG
IE(NN4.GT.ATOT)
AWKITE (33,320)
NNA4 = NEQAZK(NNZ+1: + NNZA{1+2ANN3)
IE(NN4.GT.ATGT)
AWRITE (33,320)

790 CONTINUE

o OO

OO0

BRI A AL A A S S N AT P R PR . .
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INPUT W ob el LoaAaDS

N3=N2+NEQBALL
N4=N3+064LL
WKITE (33,201} NEG,nkanl,NEQE,NELOCK

CALL TTIRE(T(3))

CALL INLCACHL),&(H2), A(N3),A(NA) ,NUMNEF,NEQE,LL)
CALL TTINE(T(4))

FOKH TOTAL STIEENESS
NE2B=2ANEGE

N2=N1+NEQEANEAND

N3=N2+NEQBALL

N4=N3+4ALL

NN2=NI+NE2BANBAND
NN3=NN2+NE2BALL
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71
294

YA

273
74
275
276
177
278
279
28¢
281
282
-83
B4
285
284
287
288
289
290
291
292
293
294
295
296
297
298
299
360
301
302
3¢3
304
309
306
307
308
309
310
3il
312
313
314
319
316
317
3ig
319
320
321
322
323
324

3

=S 0O00

[ 21

e ReEe

oo
[ 7528 &

NN4=NN3+4ALL

CALL ADDSTE (A(NL),ACNND),A(NNI),ACNNA) NUMEL,NBLOCK,NE2B,LL HbanD
1, ANORN,NVV)

CALL TTIRE{I{(O)

SOLUBUTION FHA

G0 TO (30,40,50,60,70), KDYN

STATIC SOLUTION

IE(HODEX.EQ.0) 5O T4 32
po 31 I=6,10

T(1I) = T(5)

50 10 90

£all SOLEG

CALL TTIME(T(G))
B0 33 1=7,190
D = T

G0 10 90

EIGENVALUE EXTKACTION

T{6) = T{5)

CALL SOLEIG
CALL TTIME(T(7))
T8y = T(7)

T(9) = T(7)
I(10)= T(7)

GO0 10 90

EORCED DYNAMIC RESPUNSE ANALYSIS

I¢(6) = T(S)
IE(NDYNLLT.0) GD TO 52
CALL SOLEIG

CALL TTINE (T(7))

60 10 54

Do 53 i=1,6
T(I+1)=T()

REWIND 2

READ (2) NEQ,NBLOCK,NEQB,HBAND,NI,NE,(QQ0(1),I=1,NE)

REWIND SS

IHAX=NEQBANE

KEAD (55) (A1), I1=1,NE)
U0 56 L=1,NELOCK

READ (55) (A(D),1=1,IRAX)

CONT INUE

CALL RISTkY

CALL TTIHE (T(83)
T¢(3) = T(8)
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60

62

66
G4
64

70
71

90
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Tv10)= Ty
G0 10 90

KESPONSE SPECTKRUM ANALYSIS

1(6) = T(S)

IE(NDYN.LT.0) GO TO ol
CALL SOLEIG

CALL TTIME (T(7))

T(g) = T(7)

30 T0 64

D0 63 1=1,7

TCI+1)=T(D)

REWIND 2

KEAD (2) NEQ,NBLOCK,NEQE,nBAND,N1,NE
REWIND S5

IMAX=NEQBANE

READ (55) (ACI),I=1,NE)
[0 66 L=1,NBLOCK

READ (55) (A(D),I=1,InAX)
CONTINUE

CALL KESPEC

CALL TTIKE (T¢9))

TC(10)= T(9)

G0 TO0 90

STEP-BY-STEP (DIKECT INTEGRATION) ANALYSIS

L0 71 1=6,9
T¢I = T(9)
CALL STEF

CALL TTIME(T(10))

COMPUTE AND PRINT OVERALL TIAE LOG
1T = 0.0

no 95 1=1,9

T(I) = T(I+1)-T(I)

TT = IT + T(D)

CONT INUE

WKITE (33,203) (T(K),K=1,9),TT

GO 10 &

990 CONTINUE

€ -- CLOSE ALL SCRATCH FILES

CLOSE (UNIT=1)
CLOSE (UNIT=2)
CLOSE (UNIT=3)
CLOSE (UNIT=4)
CLOSE (UNIT=595)
CLOSE (UNIT=8)
CLOSE (UNIT=9)
close (uni1t=15)
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379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
a12
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
128
429
430
431
432

close (unit=106)
close (unit=18)
close (unit=19)
STQP

100 EORMAT (124671015

299 FORMAT(/2X,12A0/)

20

0 FORMAT(1HL,12R0///

C

1 3BHCONTRKOL INEORHATION, // ax,
2 27H NUMBER OF HODAL FOINTS =, IS / 4X,
3 27H NUMBEK UF ELEMENT TYPES =, IS / 4X,
4 27H NUMBER OF LOAD CASES =, IS / 4X,
S 27H NUMBEK OF FKEQUENCIES =, IS / 4X,
6 27H ANALYSIS COLE (NDYN) =, 15 / 4X,
7 16H E0.0, ST&TIC, / AX,
8 26H £0.1, kODAL EXTRACTION, / 4xX,
9 25H EQ.2, FORCED RESPONSE, / 4xX,
A 27H EQ.3, KESPONSE SPECTRUM, / ax,
x 284 EQ.4, DIRECT INTEGRATION, / 4X,
B 274 SOLUTION MODE (MODEX) =, 15 / 4X,
C 194 EQ.0, EXECUTION, / 4X,
D 20H EQ.1, DATA CHECK, / ax,
E 19H NUMBEK OF SUBSFACE, / 4X,
E 270 ITERATION VECTORS (NAD) =, IS / 4X,
G 27H EQUATIONS FEK BLOCK =, 15 / 4X,
H 274 TAFE1O SAVE ELAG (NIOSV) =, IS5 / 4X)

201 FOKMAT (3BHIEQ UATION FAKAMETERS, //
X 34H TOTAL NUMBEK OF EQUATIONS =, 15,
1 /34H BANDWIDTH =, 15,
2 /34H  NUMBEK OF EUUATIONS IN A BLOCK =,I5S,
3 /34H NUMBEK OF BLOCKS =, 15)

203 FOKMAT (IH1,31HO VE KA LL TINE LOG, //
1 SX,30HNODAL FOINT INPUT =, F8.2 /

2 SX,30HELENENT STIEENESS EORMATION =, F8.2 /
3 5X,30HNODAL LOAD INFUT =, F8.2 /
4 5X,30HTOTAL STIFFNESS FOKMATION =, F8.2 /
5 5X,30HSTATIC ANALYSIS =, £8.2 /
6 5X,30HEIGENVALUE EXTRACTION =, £8.2 /
7 SX,30HEOKCED KESPONSE ANALYSIS =, FB.2 /
8 5X,30HKESPONSE SFECTRUH ANALYSIS =, E8.2 /
A SX,30HSTEF-BY-STEP INTEGKATION =, £8.2 //
9 S%,30HTOTAL SOLUTION TINE =, £8.2 /)

300 FORMAT (// 4BH %A EKKOK.

310 EOKMAT (// 33H ks EKROK.

320 FORMAT (// 47H k% WAKNING.
1 32H ANALYSIS EX

001 EORMAT (141%)
END

SUBKOUTINE ADDSTE (A, E,STK,TMASS,NUMEL,NBLOCK,NE2B,LL,MEAND, ANORN,

1NVY)

(AT LEAST ONE LOAD CASE IS REGUIKED)
ANALYSIS CODE (NDYN =,I3,9H) IS BAD.

ESTIMATE OF STOKAGE FOR A DYNARIC,
CEEDS AVAILABLE CORE, // 1X)

)
)
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! 133 ¢ o
! 434 INPLICIT KEALAB(A~11,0-2) e
| 435 C s
| 436 C CALLED BY: nAlN ®
| 437 ¢ oo
; 438 C FOKMS GLOBAL EQUILIBKIUM EGUATIONS IN BLOCKS «ih
439 ¢ :
440 DIMENSION A(NE2EB,nBAND) , BINE2B,LL),STR(4,LL),THASS(NE2EK) :E§
441 € T
442 COMMON /D(N/  NT,NOT,ALEA,DT,BETA,NEN,NGH,NAT,NDYN a
! 443 COMRON /Em/ LKD,ND,LN(63), 1FAD,S5(2331) N
444 COMRON /EXTKA/ MOGEX,NTS, IFILL(14) v
145 C
146 NEQE=NE2E/
147 K=NEQE+1
448 X=NBLOCK
329 ME=DSAKT (X7
450 HB=HE/2+1
451 NEBB=HEANEZL
452 nM=1
153 NDEG=0 o
454 NVY=0 ®
455 ANOKR=0. o
456 NSHIET=0 N
457 KEWIND 3 AN
458 KEWIND 4 s
459 KEWIND 9 AN
460 C .
461 C KEAD ELEMENT LOAD nULTIPLIEKS :j-
462 € g
463 WKITE (33,2000) ::
464 Lo 50 L=1,LL A
465 KEAD (5,1062)  (STK<I,L),I=1,4) s
166 WRITE (33,2002) L,(STR(I,L),I=1,4) »
467 IF(RODEX.EG.0) WKITE (8) STK b
468 C -
469 C EOK A4 STEP-BY-STEP ANALYSIS (NDYN.EQ.4) KEAD THE SOLUTIGW e
470 C CONTROUL CARD. THE TINE STEF (DT) AND THE DAMFING COEFFICIENTS N
a71 € (ALEA/BETA) AKE KEQUIKED FOR THE ASSEMBLY OF THE EFFECTIVE o
472 C SYSTEM STIFFNESS MATKIX IN THIS KOUTINE. e
473 C oE
474 IE(NDIN.NE.4) GO I0 65 s
475 ¢ "o
“
476 KEAD  \5,1004) NEN,NGM,NAT,NT,NOT,DT,ALEA,BETA )
477 WKITE (33,2004 NEN,NGH,NAT,NT,NOT,OT,ALEA,BETA Mo
478 IE(NAT.EQ.G) NAT = 1 9
479 IE(NOT.EQ.0) NOT = 1 o
480 IE(DT.GT.1.GE-12) GO T0 S5 R
g1 WKITE (33,3000) o
482 STOP .
483 C o
484 C COMPUTE INTEGKATION COEFFICIENTS FOR ASSEMBLY OF EFEECTIVE ®
485 C SYSTEm STIFENESS (STEP-HY-STEF ANALYSIS ONLY) SO
486 C N
o
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TETA = 1.4

DTl = TETAXDT

DT2 = DI1AAD

A0 = (6.+3.kALEAXDTL)/(DT2+3.ABETAADTL)

IF(nODEX.EG.1) KETUKN
EOkM EQUATIONS IN BLOCKS ( 2 BLOCKS AT A TIME)

DO 1000 M=1,NBLOCK ,2

50 100 I=1,NE2E

00 100 J=1,HBAND

ACL,1)=0.

KEAD (3) ((B(I,L),I=1,NEQGB),L=1,LL),(TMASS(I),I=1,NEQE)
IF (H.EQ.NBLOCK) GO TO 200

READ (3) ((B(I,L),I=K,NE2B),L=1,LL),(IMASS(I),I=K,NE2E)
CONT INUE

REWIND 535

REWIND 2

NA=39

NUME=NUNM7

IF (MH.NE.1) GO TO 75
NA=2

NUME=NUMEL

NUM7 =0

DO 700 N=1,NUnE

READ (NA) LRD,ND,(LM(I),I=1,ND),(SS(I),I=1,LRD)
NSHET = ND % (ND+1)/2 +4 AND

DO 600 I=1,ND

LMN=1-LH (D)

II=LH(I)-NSHIET

_ 52 IF (I1.LE.0.O0K.II.GT.NE2B) GO TO 60O
) 521 IMS= I1+MSHET
! 522 THASS(IT)=THASS(I1)+ SS(INS)
; 523 DO 300 L=1,LL
5 524 D0 300 J=1,4
] 525 KK = ND A(ND+1)/2 + NDA(3-1)
/ 526 300 B(II,L)=B(II,L)+SSCI+KK)ASTR(I,L)
. 527 DO 500 J=1,ND

528 313=LM (1) +LAN

529 IE(IJ) 500,500,390

530 390 IF(J-1) 396,394,394
| S31 394 KK = NDAI-(I-1)X1/2 +J-ND
; 532 GO TO 400
. §33 396 KK =NDAJ -(JI-1)xJ/2+I-ND
; 534 400 ACII,JD=ACIT,J11)+SS(  KK)
| S35 500 CONTINUE

536 600 CONTINUE

537 C
f 538 C DETEKMINE IF STIFENESS IS TO BE PLACED ON TAFE 55
| 539 C

540 IE (MM.GT.1) GU TO 700
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541 DO 650 I=1,ND 3
542 II=LM(I) -NSHIET e
543 IE(I1.GT.NE2B.AND.II.LE.NEEB) GO TO 660 5
S44 650 CONTINUE )
549 GO 10 700 '
S46 660 WKITE (S5) LKD,ND,{LA{D),I=1,ND),(SS(1),I=1,LKD) o
5§47 NUR7=NUR7+1 o
548 C s
S49 700 CONTINUE
55 00 710 L=1,NEQE o
551 ANDKM=ANGKn + A(L,1) o
552 IF (A(L,1).NE.0.) NDEG=NDEG + 1 o
553 IE (A(L,1}.EQ.0.) A(L,1)=1.E+20 g
554 IE (THMASS(L).NE.O.) NUV=NVV + 1 e
§55 710 CONTINUE &
556 C &
557 C FOK STEP~BY-STEP anALYSLS ADD THE MASS CONTRIBUTIONS 10 o
558 C THE EQUATION DIAGONAL COEEEICIENTS 3
559 C o)
560 IE(NDYN.NE.4) GO TO 716 vy
561 D0 714 I=1,NEQB .
562 714 ACI,1) = A(I,1) + AGk TMASS(D) k.
563 WKITEZ (4) ((AtL,2),1s1,NEQB),J=1,MBAND) ey
564 50 10 718 <5
565 716 WKITE (4) ((A(I,1),I=1,NEQB),J=1,MBAND),((B(I,L),I=1,NEGE),L=1,LL) g
566 718 WRITE (9) (TMASS(D),I=1,NEQB) : ~)
567 C >
568 IE (H.EQ.NBLOCK) G0 TG 1000 b
569 L0 720 L=K,NEZB ~3
570 ANOKM=ANORM + A(L,1) )
571 IE (A(L,1).NE.0.) NDEG=NLEG + 1 -
572 IF (ACL,1).E0.0.) A(L,1)=1.E+20 "
573 IF (THMASS(L).NE.0.) NUY=NVV + 1 g
574 720 CONTINUE -
575 € £
576 IE(NDYN.NE.4) LG TO 726 “
577 00 724 I=K,NE2B -~
§78 724 A(I,1) = ACL,1) + AGKk TMASS(I) &
579 WKITE (4) ((ACI,1),I=K,NE2B),J=1,HMBAND) ~
580 GO T0 728 .
S8l 726 WKITE (4) ((A(I,1),I=K,NE2B),J=1,MBAND),((B(I,L),I=K,NEZb),L=1,LL) R
582 728 WKITE (9)  (TMASS(ID), I=k,NE2E) oy
583 C o
584 IE (hM.EG.nB) nn=0 N
585 Ar=Hn+ 1 <
586 1000 NSHIET=NSHIFT+NE2E ?.
587 IF (NDEG.GT.0) G0 Tu 730 ]
588 WKITE (33,1010) 7
589 STOP gy
590 730 ANOKM=(ANOKM/NDEL)&1.E-8 o
591 C x
592 RETURN i.
593 1002 FOKMAT (4F10.0) o~
594 1004 EOKRMAT (S15,301v.0) o
“
,q'\.
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9935
596
397
998
599
600
601
602
603
604
603
606
607
608
609
610
611
612
613
614
613

620
621
622
623
624
623
626
627
628
629
630
631
632
633
634
633
636
637
638
639
6490
64l
642
643
644
6435
646
647

LYK SRR L R

1010 FOKMAT (S1HOSTRUCTURE WITH NO DEGREES OF FREEDOM CHECK DATA )

2000 FORMAT (/// 10H STKUCTUKE,13X,7HELEMENT,4X,4HLOAD,4X,

1 11HMULTIPLIEKS,/ 10H LOAD CASE,12X,1HA,9X,1HB,9X,1HC,9X,1HD,/ 1X)

2002 EORMAT (
2004 EORMAT (

MMo O DO 0N U & Wk
=]
>
-

16,7X,4F10.3)

4SHISTEP-BY-STEP SOLUTION

3I7HCON TROL INEOKMNATION,

SX, 35HNUHBEK OF TIHE VARYING EUNCTIONS =, IS
SX, 35HGROUND MOTION INDICATOR =, IS
8X, 10HEQ.0, NONE, /
8X, 29HGT.0, READ ACCELERATION INPUT, //
SX, 3SHNUMBEK OF AKRIVAL TIMES =, IS
8X, 26HE@.0, ALL FUNCTIONS AKRIVE, /

18H AT TIME ZERO, //
SX, 35SHNUMBEK OF SOLUTION TIME STEPS =, 15
5X, 3SHOUTPUT (PRINT) INTERVAL =, I5
SX, 3SHSOLUTION TINE INCKEMENT =, El4.4
5X, 30HHASS- PROPOKRT IONAL DAKPING, /
5X, 3SHCOEEEICIENT (ALPHA) =, El4.4
5X, 30HSTIFENESS-PROFORTIONAL DANPING, /
5%, 3SHCOEEEICIENT (BETA) =, El4.4

3000 FOKRMAT (

27HOxkx EKROR  ZEKO TIME STEP, / 1X)

7/

7/
/

//
7/
//

/7

/77 1X)

H

LR =gt R B P e e i P i R R R S e 4

SUBROUTI
IMPLICIT

NE BOUND
KEALA8(A-H,0-Z)

COMMON AC(1)

COMMON /ELFAK/ NFAK(14),NUMNE,MBAND,NELTYP,N1,N2,N3,N4,NS,MTOT,NEQ

COMMON /

IE (NPAK

CALL CLAHP (NPAR(2),A(N1),A(N2),A(N3),A(N4),NUMNP,HBAND)

RETURN
500 continue

c-- WRITE (33

NUME=NFA
DO 800 M
CALL STK

c-- WKITE (3

b0 800 L
CALL STK

c--  MWRITE (3

IE(N1OSY
ANKITE (N
800 CONTINUE
RETUKN
2001 FOKMAT ¢
2002 FORMAT (
1
2
3002 EFOKMAT
END

A N I SN N N I T L P

L e A

v
RN A.C"':A-' A-{}_,_:":z.

JUNK/ LT,LH,L,I1PAD,SIG(20),IEILL(386)
COMMON /EXTRA/ MODEX,NT8,N10SV,NT10,IFILL2(12)

(1).£Q.0) GO TO 500

,2002)
R(2)

n=1,NUNE

SC (A(N1),A(N3),NEQ,0)
3,2001)

=LT,LK

SC (A(N1),A(N3),NEO,1)

3,3002) HM,L,(SIG(I),I1=1,2) tprinting suppressed

LEQ.1)
T10) MM,L,SIG(1),5IG(2)

/)
48H1B O U N D
14H H O K E N
9X,6HHOMENT, / 8H NUMBEK,3X,4HCASE,
(18,17,4X,2E15.5)

- '1.. .....

SN

ARY ELEMENT EQKCES/,
TS, // 8H ELEMENT,3X,4HLOAD,14X,SHEOKRCE,

/7 1X)
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649
630
651
G2
653
694
63559
636
637
658
6359
660
66l
662
663
664
GGY
666
667
668
669
670
671
672
673
674
673
676
677
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680
681
682
683
684
6839
686
687
G838
689
690
691
692
693
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696
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698
699
700
701
702
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C&:::::::::::::::::::::::'.::.::::::=:====:::::::::::::::::::::::L::;::::::
SUBRDUTINE CALBAN (MBAND, NDIF,Ln,XM,S5,F,ND,NDN,NS)
INFLICIT KEALAB(A-H,0-2)
C
C CALLED BY: K&USS,TEAm,PLNAX,BRICK8,TFPLATE,CLAMP,ELST3D,PIFEk
C
C----- CALCULATES EAND WIDYH AnD WKITES STIFENESS HATRIX ON TAFE C
DIMENSION Ln(l),Xm(1),S<NIM,NDH),P(NDHN,4)
COMMUN /EXTEA/ MODEX,NT8, IFILL(14)
NIN=100000
HAX=0
B0 800 L=1,nD
IE (LMCL:.EG.0) GO TU 3800
IE (LM{L).GT.nAL) nmAX=LM(L)
IE (LM(L).LT.HIN) MIN=LA(L)
900 CONTINUE
NDIE=MAX-rlnt1
IF (NDIF.GT.HEAND) nBARD=NDIF
IF(MODEX.EQ.1) G0 TO 810
C
LRU=NDA(ND+1)/2+5AND
WKITE(2) LKD,ND,¢Ln¢I), I=1,ND),((SCI,D),1=1,ND),I=1,ND),
1 (¢PCI,30,1=1,N0D,3=1,4),(XNCI), I=1,NDD
RETUKN
c
810 WKITE (1) ND,NS,(La(I),I=1,NDD
RETUKN
C
END
C
C
C&:::::::::::::::::::::::‘.:::.‘.:::::::::==============:=:======::::::=::::::
SUBROUTINE CLAMP (NUMEL,ID,X,Y,Z,NUMNP,MBAND)
IMFLICIT KEALAB(A4-H,0-2)
COMNON/En/LM(24) ,ND,N5,5(24,24),P(24,4),XM(24),5A(12,24,,1T
1 IFILLLI(3048)
DIMENSION X(1),Y(1),Z2¢1), IDC(NUMNF,1)
COnnON / JUNK / R(G),KkM(4),IEILL2(410)
COMMON /EXTKA/ HMODEA,NTB, IFILL3(14)
WRITE (33,2000) NUMEL
NE=2
ND=6
KEAD(S,1005) kn
WRITE (33,2005) kM
IFE(MODEX.EQ.1)
AWKITE (NTB) knm
D0 30 NI=1,nND
XM(NI) = 0.0
D0 20 NJ=1,nND
20 S(NI,N1)=¢.0
30 CONTINUE
DO 50 NK=1,NS
DO 40 NL=1,ND
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395 1010 EORMAT (S1HOSTRUCTUKE WITH NO DEGREES OF FREEDOM CHECK DATA )
396 2000 FORHMAT (/// 10H STRUCTUKE, 13X,7HELEMENT, 4%,4HLOAD, 4X,

397 1 11HRULTIFLIEKS,/ 10H LOAL CASE,12X,1HA,9X,1HB,9X,1HC,9X,1HD,/ 1X)
598 2002 FORMAT (16,74,4F10.3)

599 2004 FOKMAT (4SHIS TE P - BY-STEP SOLUTION

600 1 BHCONTROL INEORMNATION, /77
601 2 5X, 3SHNUMBEK OF TIWE VARYING EUNCTIONS =, IS5 /7
ran 7 8V 2SURENIING MOTTAN TNDICATOR =, IS /

703 40 SA(NK,NL) = 0.0

704 DO 50 NI=1,4
705 TT(NK,NI) =20.0
706 S0 CONTINUE
707 NE=0
708 WKITE (33,2007)
709 210 KG=0
7190 HARK=0
711 200 KEAD (5,1000) nF,NI,NJ,NK,NL,KD,KK,KN,SD,SR,TRACE
712 IF (TRACE.ER.G.) TRACE=1.0E+10
713 It (KG.GT.0) G0 TJ 53¢
714 KG=KN
715 1E(MODEX.EN.1) GO 10 530
716 IF(NJ.£Q.0)60 TO I35
717 X1=X(NIY-X(ND)
718 Y1sY(ND -T(ND)
719 Z1=2(N1)-Z2(N])
720 X2=X(NL) =X (NK)
721 Y2=Y (NL) ~ Y (NK)
722 22=Z(HLY~Z(NK)
723 T1=Y1AZ2~124Z1
724 T2=Z1xX2-224X1
725 T3=X1a12-X24Y1
726 GO TO 260
727 250 Tl=X(ND)-X(NF)
728 T2=Y(HI) -Y(NF)
729 I3=Z(NI)-Z(NP)
730 260 XL=TL1ATLI+I2xT2+T34I3
731 XL=DSQKT (L)
732 IE(XL.GT.1.0E-G) G0 TO 270
733 WKITE (33,3000)
734 3000 EORMAT (32HOAAx EKROK  ZEKO ELEMENT LENGTH, / 1X)
735 STOF
736 270 CONTINUE
737 T1=T1/XL
738 T2=T2/xL
739 T3=T3/XL
740 IE (KD.Eu.0) GO 10 300
741 SA(L,1)=TLATRACE
742 SA(1,2)=T2ZKTRACE \
743 SA(1,3)=T3ATKACE "
744 S(1,1)=T1ATIATKACE -
745 §(1,2)=TLAT2ATKACE o
746 §(1,3)=T1AT3XTKACE » 4
747 5(2,2)=T2AT2ATRACE ~
748 §(2,3)=T2AT3ATRACE -
749 §(3,3)=T3xT3ATKACE f
750 PP=TRACEASD
751 R(1)=T1kPP
752 R(2)=T24FP
753 K(3)=T3AFF
754 G0 TO 350
S5 300 00 310 I=1,3
] 756 KC1)=0.0
»
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757 SAcl,1120.0 3
753 DO 310 1=1,3 \
759 310 S(I,1=0.0 :

7u0 350 IE (KK.EQ.0) GO TO 409

761 Sa(2,5)=T2ATRACE ﬁ
762 SA(2,4)=T1ATKACE 4
263 SA(2,6)=T3ATRACE ﬁ
764 S(4,4)=T1AT1ATKACE j
765 S(4,5)=T1AT24TRACE g
766 §(4,6)=TLAT3ATRACE

767 u,u) =T2XTCATRACE

768 =<4,c) =T2AT34TRACE

769 3(6,6)=T3xT4ATRACE

770 FP=TRACEASK

771 R(4)=TLAPP

7732 R(S)=T2AFP

773 R(G)=T3AFP

774 G0 10 450

775 400 DO 410 I=4,0

776 R(I)=0.0

777 SA(2,1)=0.0

778 L0 410 1=1,6

779 410 S(I,=0.0
780 450 DO 500 I=l,nD

781 Do 500 J=1,ND
782 500 §(J,D)=8(I,
783 D0 §20 1=1,ND
784 DO 520 1=1,4
785 520 PUI,D)=R(DyARNCD)
786 530 NN=NP
787 NNI=NI
738 NNI=NJ
789 NNK=NK
790 NNL=NL
791 NRD=KD
792 NKER=KK
793 380=5D
794 Suk=5SK
795 TTR=TRACE
796 G0 TO S6O
797 550 MAKK=1
798 595 NN=NN+KG
799 NNT=NNI+K:
800 960 KEL=NE+l
g0l WKITE (33,2010) KEL,Net, NI, NNJ,NNK,NNL,NKD,NKK,HN,SSD, 55K, TTK
802 NE=NE+1
803 IE(HODEX.EQ.1)
804 KWKITE(NTB) NE,NN,NNI,HNNJ,NNK,NNL ,NKD,NKR,SSD,55K, TTK
80% DO 600 I=1,ND
806 600 LM(I)=ID(NN, D)
807 NDM=24
808 CALL CALBAN (MBAND,NDIE,LM,XH,S,F,ND,NDH,NS)
809 IF(MODEX.EQ.1) Q0 TO 0650
810 WKITE (1) ND,NS,(LM(L),L=1,ND), ((SACL,K),L=1,NS) K=, NLJ,
B-19
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. 811 1 ((TT(L,K),L=1,NS),K=1,4)
! 812 650 CONTINUE
813 IF (NE.EQ.NUMEL) RETUKN
814 IE (NN.LT.NF) GO T0 55
815 IF (MARK.EQ.1) GO TO 210
) 816 GO TO 200
817 1000 FORMAT (815,3F10.0)
A 818 1005 FOKHAT (4F10.0)
819 2000 FOKMAT (34H1B O UND AKY ELEMENTS, ///
820 1 27H ELEMENT TYPE = 7, /
821 2 Z1H NUMBER OF ELEMENTS =,I6 1/71%)
822 2005 EOKMAT (30H SLEMENT LOAD CASE MULTIPLIERS, // 8X,7HCASE(ns,8%,
823 1 7HCASE(B),8X,7HCASE(C) ,BX,7HCASE(D) ,/ AE15.4 /// 1%)
824 2007 FOKMAT (S3H ELEMENT  NODE NODES DEFINING CONSTKAINT DIKECTION,
25 1 3X,38HCODE  CODE GENEKATION SPECIFIED,6X,
; 826 2 22HSFECIFIED SFRING, /
; 827 3 S3H NURBEK (N) (NDI) (ND) (NK) (NL),
, 828 4 3X,38H KD Kk CODE (KN)  DISPLACEMENT,GX,
829 S 22H ROTATION RATE, / 1X)
830 2010 FORMAT (1X,2(2X,IS),2X,4(4X,15),2(2X,15),7X,15,2E15.4,E12.4)
831 END
832 C
833 Cx::===========::::====::::=====================================:::::====:
834 SUBROUTINE CKOSS2 (A,B,C, IERK)
835 C
836 C CALLED BY : INP21
837 C
838 IMPLICIT KEALAB(A-H,0-2)
. 839 C
: 840 C THIS ROUTINE FORMS THE VECTOR PRODUCT C = AAB  WHEKE ACx
i 841 C IS NOKRMALIZED TO UNIT LENGTH
; 842 C
! 843 DIMENSION #(3),B(3),C(3)
844 C
: 845 X = A(2) & B(3) - A(3) & B(2)
: 846 (= A(3) & B(1) - A(L) A B(3)
: 847 Z = ACL) & B(2) - A(2) 4 B(1)
/ 848 XLN =DSOKT(XAX+YAT+IXZ)
[ 849 IEKK = 1
850 IF(XLN.LE.1.0E-06) KETURN
851 XLN = 1.0 /XLN
852 C(3) = 7 % XLN
853 C(2) = Y 4 XLN
: 854 C(1) = X 4 XLN
855 IERK = 0
; 856 KETURN
857 END
858 Cx::::::::::::::::::::::.::::::::::::::::::::::::::::::::::::::'_.’.::::2::::::
859 SUBKOUTINE DEK3DS (NEL,XX,B,DET,E,S,T,NODS,H,P, IELD, IELL)
850 C
861 C CALLED BY : THDEE
862 C
3 863 IMPLICIT KREALAG(A~H,0-2)
; 864 C
B-16
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PRKOGEKnAN
EVALUATES STRAIN-DISFLACEHENT MATRIX B AT FOINT (K,S,T:

CUKRVILINEAK HEXAHEDKON 8 TO 21 NODES

DIMENSION <X(3,1),E.6,1:,0009(1) ,H(1),P(3,1)
DINENSION 4J(3,37,41143,3)

FIND INTEKRPOLATION FUNCTIONS AND THEIR DERIVATIVES
EVALUATE InaCORIAN naTRIX AT POINT (R,S,T)
COAPUTE DETERMIHANT OF JACOBIAN MATRIX AT POINT (R,S,T)

CALL ENCT (K,S,T,H,P,NOD9,XJ,DET,XX,IELD, IELX,NEL)

COAPUTE INYVEKSE OF JACOBIAN MATRIX

bUA=1.0/LET

XIT(L,1)=DUnk( x3.2,2)4%1(3,3) - XJ(2,3)AXI(3,2))
AIT(2,1)=DURA(-XI(2, 10 A43(3,3) + XJ(2,3)AXI(3,1))
XI1(3,1)=DURAC XJ(2,1)4XJ(3,2) - XJ(2,2)4XI(3,1))
XIT1(1,2)=DURA(-XJ(1,20AX3(3,3) + XJ(1,3)4%X3(3,2))
XJT(2,2)=DUAX( XJ(1,10A431(3,3) - XJ(1,3)AXI(3,1)) .
XJ1(3,2)=0UnA(-XT¢1,1A%3¢3,2) + XI(1,2)AXJ(3,1)) N
XI1€1,3)=DUnAC XJ(1,2)A%3(2,3) - XI(1,3)AXJ(2,2))
XJT(2,3)=0URA(-XI(1, 1) AXI(2,3) + XJ(1,3)AXI(2,1))

PR gt
M)

e

XI1(3,3)=0UnAC XJ(1,104XJ3(2,2) - XJ(1,2)AXJ(2,1)) ;
-
EVALUATE B maTKIX In GLOBAL (X,Y,2) COORDINATES ¢i
o
L0 130 K=1,IELD v
{2=KA3 3

’

‘
e

Do 115 L=1,3

B(L,K2-2) = 0.0 liﬂ
B(L,K2-1) = 0.0 o
B(L,K2 ) - 6.0 N
DIKECT STRAINS (l=EXX, 2=EYY, 3=EZZ) i

Bo 120 I=1,3
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919 B(1,K2-2) = B(1,k2-2) + XJI(1, Dk P(I,K)

920 B(2,K2-1) = B(2,K2-1) + XJI(2, D& P(I,K)

921 120 B(3,K2 ) = B(3,K2 ) + XII3, D& P(I,K)

922 C

923 C SHEAK STKAINS (4=EXY, 5=EYZ, 6=EZX)

924 C

225 B(4,K2-2) = B(2,K2-1)

926 B(4,K2-1) = B(1,K2-2)

927 B(S,K2-1) = B(3,K2 )

928 B(S,K2 ) = B(2,K2-1) "

929 B(6,K2-2) = B(3,K2 )

930 130 B(6,K2 ) = B(l,KZ-D) K

931 C ;

932 C -

933 KETURN i

934 C -

235 END ;’

936 Cl=============z==zc-===-z=-z=-=-cZ=ZS======S=SSS=Z=SSS=S=Z=S=TS=SSTSSSZSTSS=S==C ?

937 SUBROUTINE ELTYPE(HTYPE) o

938 C 5

935 WMPLICIT PEALAZCA -4 C-1) t

940 C o

941 C CALLED BY: HAIN,STRESS Y

942 C -

943 G0 10 (1,2,3,4,5,6,7,8,9,10,11,12),HTYFE v

944 C ~

945 C THREE DIMENSIONAL TKUSS ELEMENIS i

946 C v

947 1 CONTINUE .

948 C 1 CALL TRUSS &

949 GO TO 900 -

950 C ;

951 C THREE DIMENSIONAL BEAM ELEMENTS P

952 C 7.

953 2 CONTINUE "

954 C 2 CALL EEAH .

933 GO TO 900

956 C

937 C IPLAME STRESS ELEMENTS

958 C '

959 3 CONTINUE

960 C 3 CALL PLANE

961 60 TO 900

962 C

963 € AXISYMHETKIC SOLID ELEMENTS

964 C

965 4 CONTINUE

966 C 4 CALL FLANE

967 GO TO 900 !

968 C ?

969 C THKEE DIMENSIOnAL SOLID ELEMENTS L

970 C y

971 S CONTINUE o~

972 C S CALL THREED o
o
RS
LN
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% 973 50 TO 9900 :
’ 974 C by,
975 C FLATE BENUIAG ELEMENTS .
976 C f
N 977 6 CONTINUE 4
578 C G CALL SHELL A
™ 979 G0 TO 900
980 C
981 C at
‘ 982 7 CALL BOUnD
3 953 GO 10 90¢ A
. 984 C -
5 985 C THICK SHELL ELEmECalS .
5 986 C 4
987 § CALL 30LZ1 |
" 988 30 TO 900
) 989 C h,
o 990 9 WKITE (33,1007 HTYPE .
y 991 30 TO 900 Q
992 C N
: 993 10 WRITE (33,100) MTYPE v
% 994 G0 TO 900 .
[-. 995 € -
& 996 11 WKITE (33,1000 MTYFE i~
- 997 30 TO 900 -
- 998 C .
- 999 C STRAIGHT Ok CURVED FIFE ELEMENTS
. 1000 C o
- 1001 12 CONTINUE >
- 1002 C 12 CALL FIFE (4
- 1003 C ¢
- 1004 900 KRETUKN "
1005 C N
1006 100 FORMAT ('OELEMENT',I4,’ IS NOT IMFLEMENTED YET') -4
) 1007 END T4
o 1008 (f(====2=32-==5C-C5SZszC2TXRcocCoTCoZToSo=oZICSTosSSoSSSEESS oSS osISCCooSTIIoUriTLssZITooscz \.
: 1009 SUBEKOUTINE EKEOR(N) N
- 1010 WRITE (33,2000) WN 5
. 1011 2000 FOKMAT (// Z20M STORAGE EXCEEDED BY 16) ~
A 1012 STOF .
' 1013 Ertll -
:; 10‘4 C&:::::::::::;::::—::::-‘1::::::::::::::::::::======:===:::::::::2::2—::::::::: :
5 1015 SUBKOUTINE FACEPR (NEL,KDIS,KXYZ,XX,NOD9,H,F,FL,NEACE,LT,FWA,KLS) -
. 1016 C ;
. 1017 € CALLED Bt : THLEE -
. 1018 C CALLS 1 ENCT -
[, 1019 ¢ N
y 1020 INPLICIT KEALAS(A~H,0-2) 3
5 1021 C K
. 1022 ¢ 4
* 1023 C THIS KOUTIHE COMPUTES HODE FOKCES DUE TO APPLIEL ELEMENT FACE :
; 1024 € FPRESSURE DISTRIBUTIONS
~ 1025 ¢ N
& 1026 ¢ 3
Ly .
1
¥
\ B-19 by
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.........

1027 DIMENSION XX(3,1),N0D9(1) ,H(1) ,P(3,1),FL(1),PWACL)
1028 DIMENSION X1(3,3),ETA(3) ,KEACE(6,8) ,KCRD(6) ,EVAL(6), IFknsy,
1029 1 PR(8),NODES(8), IPRA(4)
1030 COMHON /3AUSS/ XK(4,4),WGT(4,4)
1031 C
1032 DATA KEACE 7/ 1, 2, 1, 4, 1, 5,
1033 1 a, 3, 5, 8, 2, 6,
1034 2 8, 7, 6, 7, 3, 7,
1035 3 5, 6, 2, 3, 4, 8,
1036 4 12, 10, 17, 20, 9, 13,
1037 g 20, 19, 13, 15, 10, 14,
1038 6 16, 14, 18, 19, 11, 15,
1039 7 17, 13, 9, 11, 12, 16/
1040 C
1041 DATA KCEKD / 1, 1, 2, 2, 3, 3/
1042 DBATA EVAL / 1.,-1., 1.,-1., l.,-1./
1043 DATA IFRW / 2, 3, 1/
1044 DATA IPK4 / 2, 3, 4, 1/
1045 C
1046 C DETEKMINE THE ELERMENT NODES CONTRIBUTING TO EOXCE CALCULATIONS
1047 C ON THIS FACE
1048 C
1049 0o 2 I=1,4
1050 NODES(I ) = KEACE(NEACE, D)
1051 NODES(I+4) = ¢
1052 2 CONTINUE
1053 C
1054 IE(KDIS.LT.9) GO TO 9 X
1055 € .
1056 NN9 = KDUIS-8 -
1057 C N
1058 D0 8 K=5,8 o
1059 D0 4 I=1,NN9 .
1060 C ..
1061 1=1
1062 IE (KEACE (NEACE,K).EQ.NOD9(I)) GO TO 6
1063 C
1064 4 CONTIHUE
1065 50 TO 8
1066 C Iy
1067 6 NODES(K) = ] N
1068 8 CONTINUE -
1069 C 3
1070 9 CONTINUE R
1071 C .
1072 C SET UP THE PKESSUKE VECTOK FOK THE FOUR FACE CORNEK NOLES -
1073 C .
1074 C 1. ADJUST THE SIGN OF THE PRESSURES SO THAT FOSITIVE -
1075 C PRESSUKE ALWAYS COMPRESSES THE ELEMENT ps
1076 C :
1077 FACT = -EVAL(NFACE)
1078 C
1079 60 10 (10,30), LT
1080 C

B-20

''''''''
W




T O T T, T T T T VW, T, W N M W T T T

.....

ad
]
5
~
iy 1081 C 2. DISTKRIBUTED PRESSUKRE GIVEN AT THZ COKNEK NODES
M -
~ 1082 C
Dy 1083 10 D0 25 K=1,3
I 1054 C
g 1085 IE(NODES(K).EQ.Q/s G0 TO 29
v-: 1086 C
p 1087 IF(K.GT.4) 40 TO 15
o 1088 C
& 1089 FR(K) = PWAES % FaCT
. 1090 G0 10 25
» 1091 C
b 1692 15 2 - -4
1093 L = IPRACI)
1094 FR(K) = (PWACT) + FWa(l)) % 0.5 % FACT
1095 C
1096 25 CONTINUE
1097 G0 TO 75
1098 €
1099 € 3. ELEMENT EACE EXFOSED TO HYDROSTATIC FRESSUKE
1100 C
1101 30 GAMMA = FWa(l/k EaCT
1102 C
1103 XLN = §.0
1104 00 35 K=1,3
1105 ETACK) = FUA(K+d: - PWAGI+L)
1106 35 XLN = XLN + ETA(K) 442
1107 XLN =DSQAKT ¢(XLN)
1108 C
1109 IE(XLN.GT.1.0E-G) G0 TO 49
1110 C
1111 WKITE (33,3000) KLS,NEL
1112 3000 FOKMAT (S1HUEKKUKAAX  PRESSURE LOAD SET (,I3,15H) EOR ELERERT «,
1113 1 15,43H) HAS UNDEEINED HYDROSTATIC SURFACE NOKMAL., / 1X
1ila STOP
1115 ¢

1116 40 DO 49 K=1,3
1117 49 ETA(K) = ETAik:/ ALN

1116 ¢

1119 [0 70 N=1,3

1120 C

1121 IE(NODES (10 LEG.0) G0 T0 79

1122 ¢

1123 XLN = 0.0

1124 nob = NODES(N

1125 IE(N.LT. 41 AL = NOD + 3

1126 C 3

1127 b0 50 I=1,3 N

1128 50 XLN = XLN + (XX(I,NOD) - PWACI+1))x ETACD) N

1129 € N

1130 FRK(N) = xLNA GAnna N

1131 ¢ 9

1132 IE(XLN.LT.0.0) KRNI = 0.0 Py

1133 C 5

1134 70 CONTINUE "
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£ 1139 75 CONTINUE <
1136 C >3
1137 C SET UF Y&KIABLES tUk THE SUKFACE INTEGKRATION .
i 1138 € -
{ 1139 AL = KCKU{NEACE) 7
b 1140 n4 = IPKn(AL) N
. 1141 MN = [PERA(hN) A
3 1192 C &
i 1143 C SURERCE INTESKAT Luw LGOF .
3 1144 C N
Y 1145 ETA(ML) = EYAL(REACE: -~
s 1146 C -
N 1147 00 300 Li=1,3 IS
& 1148 C 0
1149 ETa(MR) = hoLa, 3y :
: 1150 € 3
3 1151 D0 300 Lv=1,3 -
M g2 c )
& 1153 ETA(HN) = XK(LY,3; s
¢ 1154 C 2}
1155 WT = WGT(Lx,3)4 waTiL(,?) -
& 1156 C )
\ 1157 C EVALUATE THE INTEKFOLATION FUNCTIONS AND JACOBIAN HATRIX -
1158 C o
) 1159 CALL ENCT (ETa(l) ,ET&(21,ETACI) M, F,NODI,XI,DET, X4, kDI, ka2, NEL)
Y 1160 C :
1161 C COMFUTE THE DIKECUION COSINES OF THE UNIT SURFACE NOKMAL YECTOK L
1162 C AT THIS SAMPLE POINT N
[ 1163 C :
1164 Al = XI(HM, 204 xJiAN,3)- XJCMM,3) & XJ(HN,2) N
1165 42 = XJ(nn,3)k XJiaN, 1)~ XJ(HM, 1) XT(HN,3)
1166 A3 = XJ(nn,1)a XJ(HN,2)- XI(HHM,2)&% XI(HN,1)
1167 C
1168 AA =DSOKT(ALAAZ + A2AA2 + A3AXD) -
. 1169 IE(AA.GT.1.0E-8) [0 TO 100 -
1170 € o
1171 WKITE (33,3010) NEACE,NEL .
E 1172 3010 FOKMAT (38HOERROKAA%x  UNDEFINED NOKMAL IN FACE (,I1,SH) EOK, .
1173 1 10H ELEMENT «,15,2H)., /7 1X) .
Y 1174 STOF N
' 1175 C -
. 1176 100 FACT = 1.0/kA .
1177 Al = ALk EACT 7
S 1178 A2 = A2& EACT ‘
(4 1179 A3 = A3k FACT .
1160 C .
‘ 1181 ¢ COMPUTE THE EIKST FUWDAMENTAL FOKM (AREA DIFFERENTIAL) N
( 11e2 ¢ :
1183 AR = 0.0 .
1184 BB = 0.0 g
1185 €C = 0.0 -
. 1186 00 120 I=1,3 .
: 1187 AA = RA + XI(nn, [)kAZ -
! 1188 CCo= CC + AJint, I, ksl i’
o .l
- B 22 .
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1189 120 BB = BE + xJ(nm, 1)k x1(nn, D v
1190 C =DSOKTI(AAACC - BBAAZ) g
1191 € 2
1192 ¢ INTEKFOLATE FOK THE PKESSUKE AT THIS SAMFLE FOINT
1193 C y
1194 PKESS = 0.0 2
1195 ¢
1196 po 130 k=1,38
1197 ¢ ph
1198 IF(NOBES{K) . ED.0y Cu 10 139
1199 ¢
1200 NOD = w~OOLZ b —_—
1201 IF(K.GT.4) NOU = nOD + &
1202 €
1203 PKESS = PKESS + minGD)lAa PRiK)
1204 130 CONTINUE
1205 ¢
1206 FACT = WTa Ci FKRESS
1207 C
1208 C #SSERBLE THE NGDE FOKCE CUWTKIBUTION
1209 ¢
1210 D0 160 L=1,3
1211 ¢
1212 IE(rUDES(L).EG.vy GU TO 150
1213 ¢
1214 IE(L.GT.4) HO T0 140
1215 ¢
1216 C 1. COKNEK NODES
1217 ¢
1218 N = NDDESiL,
1219 K = 3AN
1229 50 TO 150
1221 ¢
- 1222 C 2. SIDE wODES
E, 23 ¢
. 1224 140 I = NODES(L;
p 1223 N o= 1+5
; 1226 K o= 3k NODY(1)
b 1227 C
- 1228 150 Gu = FACT& Ny
: 1229 C
N 1230 PL(K-27 = PLUK-Z) + Qi Al
- 1231 FL(K-17 = PLuK-1, + GOk nl
. 1232 FLGK ) = PL(K ) + Q0& A3
. 1233 1u0 CONTINUE
- 1234 C -
. 1235 500 CONTINUE -
: 1236 C v
1237 KETUKN N
1233 END N
] 1339 B R R e T T T L S L S
1240 SUBKOUTINE ENLT (k,5,T,n,F,n009,x3,0ET,XX, IELD, IELX,NEL) {
: 1241 ¢
: 1242 C TALLED BY @ EnCEEK X
' b-23 -
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1243 C i
1244 INPLICIT KREALAG(A-H,0-2) N
1245 C [
1246 C -
1247 € v v v o e e e e e e e e e e e e e e e e e e e e e e e e e e 74
1248 C . A
1249 C . FROGEKAH o~
1250 C . N
1251 € . TO FIND INTEKFOLATION EUNCTIONS ( H ) =
1252 C . AND DERIVATIVES ( P ) CORKESPONDING TO THE NODAL N
1253 C . POINTS OF A CUKRVILINEAR ISOPAKAMETRIC HEXAHEDKRON )
1254 C . OK SUBFAKAMETKIC HEXAHEDKON (8 TO 21 NODES) o)
1255 C . Ty
1256 C . TO FIND JACOBIAN ¢ XJ ) AND ITS DETERMINANT ( DET ) o
1257 C . &
1258 C . . . . . .. .. o~
1259 C Q?‘
1260 € o
1261 DIMENSION H(1),P(3,1),N0D9¢1), IPERH(8),X1(3,3),XX(3,1) N
1262 € "
1263 DATA IPEKM / 2,3,4,1,6,7,8,5 / ®
1264 C e
1265 IEL = IELD RS
1266 NND9= IELD-8 el
1267 C L
1268 KF=1.0 + K RS
1269 SP=1.0 + § ®
1270 TP=1.0 + T o
1271 KH=1.0 - K NS
1272 SH=1.0 - S i
1273 M=1.0 - 1 o
1274 Kk=1.0 - KR _~
1275 5521.0 - S5 b
1276 TT=1.0 - TAT G
1277 C e
1278 C o
1279 ¢ INTEKPOLATION FUNCTIONS AND THEIR DERIVATIVES .
1280 C A
1281 C e
1282 € 8-NODE BKICK AR
1283 C ot
1284 H(1)=0.125ARPASFATP N
1285 H(2) =0.125XKnASPATE N
1286 H(3)=0.125ARMASHATE RSN
1287 H(4)=0.1254KFASHATF o
1288 H(5)=0.125AKFASPATIH Y
1289 H(G6)=0.125AKNASPATH o
1290 H(7)=0.125AKHASHATHM R
1291 H(B8)=0.125xKFPASHATH R
1292 C <
1293 P(1,1)=0.129ASFATF b
1294 PC1,2)=-F(1,1) w
1295 F(1,3)=-0.120K5NATE =
1296 FCl,4)=-FC1,3) g:}
t&f
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1297 F(1,5)=0.125x5FATn ,
1298 P(1,6)=-F(1,5) :
1299 F(1,7)=-0.12545n4Tn ,
1300 P(1,8)=-F(1,7) '
1301 C N
1302 P(2,10=0.129AKPATE N
1303 P(2,2)=0,125ARNATY N
1304 P(2,3)=-F(2,2) .
1305 P(2,4)=-Fi2,1) .
1306 F(2,3)=0.125KEFaTn
1307 F(2,6)50.125xknATH
1308 B(2,7)=-P(2,6)
1309 FUZ,3)=2-P(2,9)
1316 C
1311 Fi3,1150.105kkFxS
1312 P(3,2)50,1254knASF
1313 P(3,u/:U 12%xkknavn
1314 F(3,4)=0.129ARPASA
1315 P(3,5)=-P(3,1)
1316 P(3,6)=~F(3,2)
1317 P(3,7)=~F(3,3;
1318 F(3,8)=-FP(3,4)
1319 ¢
1320 IF(IEL.EG.8) G0 T0 50
1321 C
1322 C
1323 C AUL DEGKEES OF FKEELUM in EACESS OF 8
1324 C
1325 1=0
1326 2 I=1 + 1
1327 IECI.GT.NNDY) GO TO 40
1328 NN=NOLOC(I) - 8
1329 50 10 (9,l0,11,12,13,t4,15,16,17,18,19,20,21) ,NN
1330 ¢
1331 g H(9) = O.ZSARRﬂSPﬂTP
1332 FL1,9) = ~0.S0AKASPATE
1343 Pi2,3) = o.ud&k&xxp
1334 Pi3,9) = 0.25&KRASE
1335 G0 10 2
13736 10 H(10)=0.23AKRASSATE
1337 F(1,100=-0.254S5ATF
1333 F(2,10)=-0.50AknASATF
1339 P(3,10)0= 0.2SAKNASS
1340 30 T0 2
1341 1L H(LL)=0.25&kkaSHATE
1342 P(l,ll)=-0.50xkk5nkTP
1343 F(2,111=-0.25KKKATP
1344 PU3,110= 0.2SAKKASH
1345 L0 10 2
1346 12 H(12)20.25AKFASSATE
1347 F(l,lﬁ)— 0.25ASSATF
1348 Fe2,12)=-0.50AKPASATY
1349 F(3,12)= 0.25AKPASS
1350 G0 TO Z
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1351 13 H(131=0.254RRASPATH

1352 F(1,13)=-0.50xKASFATn
1353 F(2,13)= 0.254RkRATn
1354 F(3,13)=-0.254KKASP
1355 50 T0 2
1356 14 H(14)=0.25AKNASSATH
1357 F(1,14)=-0.25kS54Tn
1358 P(2,14)=-0.50ARNASATN
359 F(3,14)=-0.25kKMASS
1360 GO 10 2
1361 15 H(15)=0.25AKRKA5nATA
1362 P(1,15)=-0.50kKASHAT
1363 P(2,15)=~0.254RRXTH
1364 P(3,15)=-0.25AkKkASn
1369 50 10 2
1366 16 H(16)=0.25AKFASSATH
1367 B(1,16)= 0.254S54TH
1368 P(2,16)=-0.50AKFASATA
1369 P(3,16)=—0.35kRP*SS
1370 GO 10 2
1371 17 H(17)=0.25AKEASFATT
1372 F(1,17)=0.29ASFATT
1373 F(2,17)=0.25%KPATT
1374 F(3,17)=-0.S0kKPASFAT
1375 60 TO 2
1376 18 H(18)=0.25AKHASPATT
1377 F(1,18)=-0,25ASPATT
1378 F(2,18)= Q.25AKnATT
1379 F(3,18)=-0.50xKMAASPAT
1380 G0 10 2
1381 19 H(19)=0.25AKAASAATT
1382 F(1,19)=-0.25ASHALT
1383 P(2,19)=~0.25ARNATT
1384 F(3,19)=~0.50AKHASHAT
1385 50 T0 2
1386 20 H(20)=0.25KKPASHATT
1387 P(1,200= 0.25ASRATT
1388 P(2,20)=-0,25KRFATT

» 1389 P(3,200=-0,50KKFASMAT

g 1390 G0 10 2

b 1391 21 H(21)=RRXSSATT

b 1392 F(1,21)=-2.0AKASSATT

W 1393 P(2,21)=-2.0ASAKKATT

= 1394 P(3,21)=-2,GATAKKASS

2 1395 50 T0 2

- 1396 €

g 1397 C MODIET FIKST § FUNCTIOMS IF 9 OK MOKE NODES IN ELEMENT

" 1398 ¢

by 1399 40 IH=0

» 1400 41 IH=IH + 1

ul 1401 IE (IH.GT.NNL9D) 0G0 TG SO

" 1402 II=IH + 7

" 1403 IF (IL.EQ.IELA) GO TG S1

8 1404 42 IN=NOD9CIH)

»
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1403 IF (IN.GT.1G)» B0 TO 46
1406 I1=InN -8
1407 12=IPERA(IL)
1408 HCIL)=H(Il) - Q.SAHCIN)
1409 HOIZ)=HUIZ)Y - 0.SAHCIN)
1410 HCIH+8)=H(IN)
1411 0o 45 1=1,3
1412 P(J,I10=P¢2,11) - ¢.Sxped, IND
1413 PO, 120=R(3,12) - Q.S94F0], IN)
1414 45 F(1,IH+8)=F 1, IN)
1413 G0 T0 41
1416 46 IF C(IN.EuU.Zl) QO TO Sv
1417 [1=In -14
s 1418 I2=11 + 4
1419 HUIL)=HOIL) - 0. SkHOIND
1420 HCI2)=H{IZ) - O.9AHUIN)
1421 H{IH+3)=H{In)
1422 po 47 J=1,3
1423 PO, I =0T, 1) - 0LSARCT, IND
1424 FCI,I2)=F(1,12) - 0.9&F (1, IN)
1425 47 P(J, IH+3:=F{]1, IN}
1426 G0 TIQ 41
1427 €
1428 C nODIEY FIKST 20 FUNCTIONS IF NODE 21 IS PRESENT
1429 C
1430 30 IH=0
1431 31 IH=1H + 1
1432 IN=NOD9(IH;
1433 IF (IN.EQ.21) QO TO 35
1434 IF (IN.GT.1G) GO TO 33
1429 Il1=IN -8
1436 I12=IPEKM(IL)
1437 H(I1)=H(Il) + O. lJS Hi2l:
1438 HOI2)=H(I2) + 0.125AH(21)
1439 00 32 J=1,3
1440 F(I,I11)=P(1,11) + 0.1254P(1,21)
1441 32 POJ,I20=P(1,12) + 0.1254F(1,21)
1442 G0 TO 31
1443 33 I1=1Id - 16
1444 12511 + 4
1449 HOIlo=Hi(Il, « Q.120AH(21)
1446 HOIZ)=HOI2y + 0.129AHC2L)
1447 00 34 I1=1,3
1448 Fe3,100=F(3, 110 + 0.1254F(],21)
1449 34 P(1,I120=F0d, 120 » 0.125xP(]1,21)
1450 nd 10 31
1451 35 U0 36 I=1,8
1492 HCI)=H(I) - 0.125AHC21)
1453 po 36 J=1,3
1494 36 P(I,D)=PC], 1) ~ o.1254FC1,21)
14595 HN=NNDY + 7
1356 IFE (NN.EGQ.3) G0 T0 S0
1457 00 38 I=9,ud
1498 HODy=HOT) - Q.29ANMDT)
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o 38 J=1,3 -

38 P(J,0)0=F(1,1) - 9.254F(I,21)

OO0 0

930
100

OO0

N e WD =

110

[gp N op]

2000

P VOB g

bo 39 J =1,3

~
’
F
H(NND9+8)=H(Z1) :
PCI,NND9+8)=F (1,21, "

EVALUATE JACOUBIAN nATKIX AT POINT (K,S,T)

IF (IELX.LT.IELD) KETUKw
Lo 100 I=1,3

D0 100 1=1,3

DUM=0.0

D0 90 K=1,IELX

DUM=DUN + FCI,K)AXX(T,h)
XJ(1,1)=DUH

COMPUTE DETEKmINANT OF JACOBIAN MATKIX AT POINT (K,S,T)

DET = XJ(1,13AXJ(2,2)4XJ(3,3)
XIC1,2)4X3(2,3)AXJ(3,1)
XJ(1,3)4XJ(2,1)AX3(3,2
XIC1, D AXI(2,2)A%3(3,1)
~ XI(1,274X3¢2,1)AX1(3,3)
- XJ(1,10AX1(2,3)AX1(3,2)
IE(DET.GT.1.0E-8) GO T0 119
WRITE (33,2000) NEL,R,S,T
STOF
IF (IELX.LT.IELD) GO TO 42

J o+ 4 0

B “wrewery -

5N T
ol L LS

>

T

KETURN

EOKMAT (49HOERKOKAXA  NEGATIVE OK ZERO JACOEIAN DETERMINANT,
23H COMPUTED FORK ELENMENT (,1S,1H), /
12X, 3HK =, F10.5 /
12X, 3HS =, E10.5 /
12X, 3HT =, E10.5 / 1X)

2
v

PR}

v

SUBKOUTINE INLCID,B,Tk,TMASS,NUMNP,NEQE,LL)

PERT A

IMPLICIT KEALAB(A-H,0-2) :
A
CALLED Ef: mAIN L

INFUT NODAL LGADS 4HD MASSEo .
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1513 ¢ X
1514 DIAENSION ID(NUBNF,G6),B(NEGE,LL),TK(6,LL,THASS (NEGE) N
1515 COMRON / JUNK / K(0),TXM(5),IFILL1¢406)

1516 COMMON /EXTKA/ MUDEX,NI8,IFILL2(14) .
1517 C -3
1518 NI=3 =3
1519 REWIND NT -3
1520 KSHE=0 ]
521 WRITE (33,2002 '
1522 IF(ROLEX.EQ.1/ GO IO 50

1523 B0 750 1=1,NEQB &
1924 THASS (1579, N
525 D0 750 K=1,LL -
1526 750 B(I,K)=0.0 X
1527 ¢ ;
1528 50 D0 900 NN=1,NUNNP —d
1529 C ~
153 Lo 100 I=1,¢ "
1531 TXH(I)=0. ;
1532 D0 100 J=1,LL -
1533 100 TR{I,Jr=u.¢ ’
1534 ¢ .
1535 IE(NN.EG.1) GO TOU 300 .
1536 150 IE(N.NE.nn) 50 TO 400 .
1537 B0 200 I=1,6 =
1538 IE (L) 180,180,190 N
1539 180 TXM(D)=Kk(I, Y
1540 GO TH 200 g
1541 190 TR(I,Li=k(D) N
1542 200 CONTINUE -
1943 300 KEAD (S,10uls N,L,K s
1544 IFf (N.EQ.0) GO TO 150 .
1545 WRKITE(33,2001) N,L,K :
1546 60 TO 150 ]
1547 C .
1548 100 IF(HODEX.EQ.1) 60 TG 9GO0 ~
1549 00 300 J=1,0 o
155 II=1D(NN,J)-KSHE o
1551 IE (1) 800,800,500 .
1552 500 DO 600 K=1,LL =
1553 600 B(II,K)=Tk(J,K) -
1554 THASS(I1)=T4n() '
1555 610 IF(II.NE.NEQE: GO TU 890 =
1556 WKITE (NT) K,THMASS :,
1557 hSHE=K3HE+HEQB

1958 L0 700 [=1,nEQB ‘
1559 THASS( 1=V, -
1560 DO 700 K=1,LL &
1561 700 B(I,K)=0.0 v,
1562 800 CONTINUE N
1563 900 CONTINUE v
1564 C

1565 IE(MODEA.Eu. 1) KETUKN

1506 C
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1567 WRITE (NI) B,TMASS
1568 C
1569 RETURN
1570 1001 EORMAT (215,7F10.4)
1971 2001 FORMAT (2(3X,I14),6E15.5;
1572 2002 FOKMAT (47HIN 0 D A L LOADS (STATIC) 0 k ,
1873 A 29H¥ A S 5 E 3 (hYNANTC, 77/
1574 B 3X, 4ANGDE, 2X, 4HLUAD,
1373 1 2(9X,0HX-AXIS,9%X,0HY-AX18,9%,6HZ-AXI5), / 7H NUMBER,3x,ncanE,
1576 2 3(10X,SHEQKCE), 3(9X,6HRANENT), / 1X)
1377 END
1578 Cl==c========-5==xzz===cS=2SC22=Sa8=SESSS 2SS SSS=R oSS TSI =SS T80 2o 223 T 20
1579 SUBROUT INE INPUTJ(ID,X,1,Z,T,NUNNE,NEQ)
1580 C
1581 INPLICIT REALAB(A-H,0-2)
1582 C
183 C CALLED BY: HAIN
1584 C
1585 DIHENSION X(1),7¢(1),Z(1), IL(NUMNE,6),T(1)
1586 €
1587 COMMON /EXTKA/ nUODEX,NI8, IFILL(14)
1588 C
1589 C---- SPECIAL NODE CAKD ELAGS
1590 C
1591 C IT = COOKDINATE SYSTEM IYPE (CC 1, ANY NODE CARDD
1592 C EQ.C, CYLINDRICAL .
1593 C IPk = PRINT SUPPKESSION FLAG (CC 6, CARD EOR NODE 1 ONLY)
1594 C EQ. , NOKMAL PRINTING
1593 C EQ.A, SUPFPRESS SECOND PRINTING OF NODAL ARKRAY LATA
1596 C EQ.B, SUFPKESS PRINTING OF ID-ARKAY
1897 C EQ.C, BOTH AAx AND ABi
1598 C
1599 DIKMENSION IFKRC(4)
1600 C
1601 DATA IFRC/1H ,lHA,1HB,LHC/
1602 C
1503 IFk = IFPKC(1)
1604 RAD = DATANCL.O0D0)/45.000
1609 C
1606 C
1607 C---- READ Ok GENEKATE NUDAL POINT DATA-~---------m-mmmmm e e oo
1608 WKITE (33,2000
1609 WKITE (32,2001
1610 NOLD=0
1611 10 KEAD  (5,1000) IT,N,JFk,(ID(N,T),I=1,6),X(N),Y(N) ,Z(N) ,Kil, TN}
1612 C
1613 C
1614 CAx X% x4 NEXT LINE IS DELETED EFOR NOT PRINTING NQDAL INPUT DATA
1615 C WRITE (33,2002) IT,N,JFR,(ID(N,I),I=1,6),X(N),Y(N),Z(N),bn, TON)
1616 CAx kA Ak k&
1617 C
1618 IF(N.EQ.1) IPk = JFK
1619 IECIT.NE.IPRC(4) ) GO TO 19
1620 DUM = Z(NYA KAD
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h: P
) 1621 Z(N) = Xun)ALCUS  Dums A
Y 1622 X(N) = Xt ADSINHCDUR)

) 1623 15 CONTINUE
. 1624 IE(NOLD.EQ.vs GO 10 SO '
- 1625 C----- CHECK IE GENEKATIUN IS KEQUIRED-===--mmmmmmmmm oo o ¢
1626 po 20 I=1,¢ ’
: 1627 IFCID(N, ). EQ.C.anL.LD(NOLD, I).LT.0) ID(N,I)=ID(NOLD, !, b
. 1628 20 CONTINUE P

¥ 1629 IE(KN.EQ.o) 480 Tu 50
A 1630 NUM=(N-NOLD) /KN ’
3 1631 NURN=NUn-1 -
) 1632 IE(NUMN.LT.1} GO T0 =0 -
- 1633 XNUH=NUR Y
- 1634 DA=C(X(N) = A ROLO) 2/ K0HUn 1

1635 DY=CE{N)-((NOLD, ;. ANUn -3
1636 2202 0N -2Z0n0LD) 3. XHUn _
! 1637 DT={(T(N)-TiNOLD) . XNUR .
] 1633 K=NOLD Ay

; 1639 D0 20 Is1,dunn o
j 1640 KE =K ;

a 1641 K= +KN
- 1642 XKD =X (KK ) +0X
' 1643 YK=Y (KK) +D B,
i 1644 2O =2 (kK + D2 g
- 1645 T(K)=T(KK) +LT A
o 1646 1o 30 I=1,6 4
by 1647 ID(K, ) =10 (KK, L) o
' 1648 IE CIDCK,D).GT.10 I0GK, D=IDCKK, I)+KN r

k 1649 30 CONTINUE r

N 1650 € .
% 1651 S0 NOLD=N '

A 1652 IF(N.NE.NURNE) GO TO 19 p

1653 © D

- 1654 C---- PRINT ALL NGDnl POINT DATH===-mmm - mm oo e e oo .

; 1659 C A
N 1656 IECIPK.EQ.IFRC(Z) .Ok. IPK.EQ.IFRC(4)) GO TO S2 N
N 1657 WRITE (33,2003 :
N 1658 MKITE (33,2001) \
. 1659 WKITE (33,2005) (N, C(ID(N, D), I=1,6),X(N),Y(N),Z(N),T(N),n=1, NUNNE)

5 1660 52 CONTINUE .

N 1661 C -

s 1662 C~---~ NUMBEK UNKinOWHS AND SET mASTER NODES NEGATIVE----------m-onvoonooan A
r\ 1663 C -
: 1664 NEQ=0 =

s 1665 L0 60 N=1,HUnNF -

1666 00 60 I=1,6

. 1667 IDCN, D) =TAB3CI0N, )

[: 1668 IECID(N,I)-1) 57,58,59 )

- 1669 57 NEQ=NEG+! .
N 1670 ID(N, I)=NEy -

1671 GO TO 6u -

- 1672 S8 ID(N, D) =0 .

& 1673 G0 TO 6O N

- 1674 99 ID(N,I)=-1LN, D) N

P .
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1675 60 CONTINUE X
1676 C N
1677 C---- PRINT MASTER INDEX AKRAY ;4
1678 C ;
1679 IFCIPK.EQ.IPKC(3) .OK. IPK.EG.IPKC(4)) GO TO 62
{ 1680 WRITE (33,2004) (N,(ID(N,D),1=1,6),N=1,NUNNE)
1681 62 LONTINUE
1682 IF(MODEX.EQ.V) GO IO 70
1683 Ckxxk DATA POUKTHOLE SAVE
1684 WRITE (NIB) ((IDIN,IY,I=1,0),n=1,NURNF) -
) 16859 WRITE (NTIB) (X(N),N=1,NURNE)
’ 1686 WRITE (NTI8) (Y(N),n=1,NUNNP) ‘-“--1:
: 1687 WRITE (NT8) (Z(N),nN=1,NUMNF)
1688 WKITE (NT8) (T(N),N=1,NUNNF)
H 1689 ENDEILE NT8
] 1690 C
1691 KEWIND 2
1692 WRITE (2) II
1693 ¢ y
' 1694 KETURN ;
1695 € i
1696 70 CONTINUE '
1697 KEWIND 8§ -
1698 WKITE (8) ID :}
1699 C v
1700 RETURN e
1701 C E
1702 1000 FOKRMAT (2(Al,I14),915,3F10.0,15,F10.0) o
1703 2000 FORMAT (//23H NODAL POINT INFUT DATA ) :g
1704 2001 EFOKMAT (SHONODE 3X 24HBOUNDAKY CONDITION CODES 11X PR
1705 . 23HNODAL POINT COORDINATES / 7H NUMBER 2X 1HX 4X 1HY 4X 1HZ 3x Y
1706 « QHXX 3X ZHYY 3xX 2HZZ1ZX 1HX 12X 1HY 12X 1HZ 12X lHT ) i;f
1707 C E
1708 C L
1709 Ckkx 4k 4% NEXT LINE IS IGNOKED WITH LINE $31G00 ’:
1710 €2002 EORWAT (1X,Al,14,Al1,13,515,3F13.3,15,F13.3) o
1711 Chk Kk k& o
i 1712 C o
1713 C ;
% 1714 2003 FOKMAT (//21HIGENEKRATED NODAL DATA) N
! 1715 2004 FORMAT (//17H1EQUATION NUMBEKS/ o
: 1716 13 N X Y 7 XX XY IZ /(719)) -
’ 1717 2005 EOQRMAT (15,615,4F13.3) -
! 1718 END e
! 1719 Cf=====s===s=z=s=3=c=z=25===2=2CC===SZ==ZC=SScCSISSISISISSSSSSRTSTSSSSEI o =IZIIE "
. 1720 SUBROUTINE INF21 (NUMMAT,MAXTE,NORTRO,NULS,NOPSET,NT8SV,NUMNE,X, s
! 1721 1 Y,Z,UEN,kHQ,NTF, EE,DCA,NEACE,LT, PWA,LOC,NAXFTS) o
: 1722 ¢ o
: 1723 C CALLEL BY : THLFE o
1724 ¢ CALLS : VECTR2,CKOG52 o
1725 ¢ !f~
1726 IMPLICIT KEALAG(A-H,0-7) r=
1727 ¢ %
1728 C ’
L
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1729 € THIS KOUTINE KEADS anD PRINTS ALL 21-NODE SOLID ELEM:ENT DATA s
1730 C BETWEEN THE CONTKOL CakD AnD THE ELEMENT DATA CARDS Q
1731 C &
1732 € ]
1733 COMRON / JUNK/ aLFt4),YLE(4),ZLE(4),TLE(4),PLE(4),EILLI(22) V2 5) r
1734 COMNON /EXTRA/ mOLEX,NI8 b
17 3 5 C ":-v
736 DINENSION  ACl),7¢1),2¢1),DER(L),KHOCL) ,NTP(1),EE(HAXTF,13,1, o
1737 ! DCA(3,3,1),NEACE(L),LT(L),PUAC7,1),L0OC(7,1), o
1738 2 MAXETS 1) L
1739 DINENSION  HED(G! -
1740 ¢ ——
1741 C KEAD AND PRINT OF nalEklAL PROPERTIES -
1742 C o
1743 WKITE (33,3000 sl
1744 € B
1745 L0 10 I=1,NUnnaT o
1746 C 'ii
1747 KEAD (S5,1001) n,NTF(L;,UENCI),RHOCI), (HED(N),N=1,6) .
1748 € .
1749 C SET DEFAULT VALUES IF kEUUIKED AND CHECK FOK INPUT ERRORS e
1750 € »
1751 IECKHOCI) JEQ.0.0) KHUCI) = DEN(I) / 386.4 -
1752 IE(NTPCD) LEQ.O) NTBC(D) = 1 [~
1753 C e
1754 WKITE (33,3002 n,NTPCI),DENCI) ,KHGCI), (HED(N) ,N=1,6) g
1755 C N
1756 IE(I.EQ.M) Q0 T0 C ®
1757 WRITE (33,4001 N
1758 STOP o
1759 € e
1760 2 IE(NTP(M).LE.maxXTF) G0 T0O 4 o
1761 WRITE (33,400Z; RAXTIF D
1762 STOF b
1763 4 NT = NTF(H) "
1764 C i
1765 C KEAll FROPEKTIES FOK EACH TEmPERATURE N
1766 C o
1767 DO 6 K=1,NT NS
1768 READ (5,1002) (EE(K,L,n),L=1,13) )
1769 WKITE (33,3003 «EEWK,L,m),L=1,13) N
1770 6 CONTINUE o
1771 C &
1772 ¢ TEMPERATUKE CAKLS nusT EE ASCENDING ORUEK e
1773 € o
1774 IE(RT.EQ.Y) HU TU 10 »
1775 90 8 J3<2,NT o
1776 [ECEECI, 1,m).0T.Lbv) 1,1,n,s 00 TO 8 -
1777 WKITE (33,400
778 STOP
1779 8 CONTINUE =
1750 10 CONTINUE b
1781 Chxx  DATA PORTHOLE ZAVL g
1782 IE(NTESV.EL. Oy GO TU &2 -
al
N
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1783 DO 11 n=1,N0nnAT >
1784 WRITE (NT8) M,NIP(n),DENCR),KHO(M) 5;
1785 NT = NTP(n) .
1786 WRITE (NT8) ((EE(K,L,m),L=1,13),K=1,NT) -
1787 11 CONTINUE >
1788 Ckkk -
1789 C ™
1790 C MATEKIAL AXIS OKIENTATION SETS ,j
1791 C t-
1792 12 IF(NOKTHO.EG.0) 0O IO 21
1793 ¢
1794 WKITE (33,3004)
1795 ¢
1796 U0 20 M=1,H0KIHO
1797 KEAD (5,1003) N, NI, NI, NK
1798 WKITE (33,3005) N,NI,NI,NK
1799 C
1800 Cixxk DATA POKTHOLE SAVE
1801 IE(NTBSV.EQ. D)
1802 AWKITE (NT8) N,NI, NI, NK
1803 Chkk
1304 C CHECK FOR ADMISSAKILITY GF DATA ,
1805 C e
1806 IE(N.EQ.H) GO 10 13 R
1807 WRITE (33,4004) i
1808 STOF o
1809 € .
1810 13 IF(NI.GT.0 .AND. n~I.LE.NUMNP) GO TD 5015 L
1811 L = NI .
1812 5014 WKITE (33,4009 L p
1813 STOF -
1814 5015 IF(NJ.GT.0 .AND. nJ.LE.NUMNP) GO TO 5016 "
1819 L = NJ F
1816 GO TO 5014 -
1817 5016 IF(NK.GT.O .AND. NE.LE.NUnNF) GO TO 14 A
1813 L = NK -
1819 30 TG S014 =
1820 14 CONTINUE o
1821 C N
1822 C GENEKATE DIKECTION CUSINE ARKAY FOK THIS DATA SET ;
1823 € o
1824 CALL VECTRZ (DBCACL, 1,m), x(NI),Y(NI)Y,2(NI) , X(NJ),Y(NJ),2«n1s, IEKK) 7
1825 IF(IERK.EG.O) GO TO l¢ -

, 1826 WRITE (33,4006 o

: 1827 STGF -

. 1628 16 CALL VECTKZ (V2,K(ND), t(NI),Z(NI),X(NK),Y(NK),Z(NK), IEKK) .

‘ 1829 IE(IERK.EG.0) B TO 17 o
1830 WKITE (33,4007) b
1831 STOP ey
1832 17 CALL CK0SS2 (DCAu1,1,n),V2,0CACL,3,M), IERR) )
18373 IE(IEKK.EG.0) GO TO 18 ]
1834 WRITE (33,4008)

1839 STOF
1836 18 CALL CKOSS2 (LCACL,3,M),0CAC1,1,M),0CACL,2,M), [EKK)
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4 1837 IE(1EKK.EQ.Q0) GO TO 20 -
' 1338 WKITE (33,4009) o
1839 STOF N
[ 1840 20 CONTINUE i
' 1841 C -
v 1842 ¢ KEAD AND PRINT pISTRIBUICD SUKEACE LOAD DATA o
1843 C o
1844 21 IE(NDLS.EQ.0) GO TO 31 A
1849 C Y
1346 WKITE (33,2006 L
1847 ¢ 2
1248 g0 30 m=1,NDLS -
1339 ¢ -
1550 KEAD  (5,1004) N, NEACEvn) ,LT(n)
1951 WKITE (33,3007) N,NEACZcmy,LT(r)
1852 C
1353 ¢ CHECK FOK DATN ADMISSABILITY 7
1854 C =
1655 IE(N.EQ.H) G0 10 22 -
1856 WKITE (33,4010 N
1857 STUP <
1858 22 IE(NFACE(n).GE.1 .Anli. AFACE(M).LE.6) GO TO 23 )
1859 WRITE (33,4011 K
1860 sTar NS
1861 23 IF(LT(M).EQ.0) LTiny = 1) v-
1862 IE(LT(M).uE.L LAaND. LT(rs.LE.2) GO TO 24 <
1863 WRITE (33,4012, -
18364 STGF i
1865 24 IE(LT(W).EQG.2) GU TU 26 “
1666 KEAD (55,1009 (PWalI,ns,1=1,4) :ﬁ
1867 Lo 25 1=2,14 Ky
1868 29 IECPWACT, M) EQ.0.0: Fuail,n) = PUACL, M) W
1869 WKITE (33,3008) «Fuall,m),I=1,4) .
. 1870 G0 TG 30 [
. 1871 26 KEAD $5,10uS) (Fdatl,ar,1%1,7) =
1872 WRITE (33,3009) (FWACL,m),1=1,7) A
1873 30 CONTINUE e
1874 C i
f 175 Cika  DATA POKTHULE SAVE ”
1876 IE(NT8SY.EU.0) GO Tu wu3l \
1877 DO 5030 m=1,NDLS -
1878 WKITE (W15, WEARCE s, LTc¢ny, (PWACI,M),I=1,7)
1879 5030 CONTINUE
1880 5U31 CONTLAUE
1881 Cakk
1862 C
(883 C KE&D AND FiInT Or STkEwy OUTPUT KEQUEST LOCATION SETS
1884 C
1885 51 IE(NOPSET.LG.0/ Lu TG 49 .
1866 ¢ "
1857 WRITE (33,.0tus o 1,1-1,7: ;
1388 WKITE (34,4 ~--3T¥L33 OUTPUT LOCATIONS---- i
1869 C >
1390 BO 40 m=1,nubkLbt i
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1184 BB = 0.0 »
1185 €L = 0.0 -
1186 bo 120 I=1,3 -
1187 AR = AA + xJ(nn 1) kA2 )
1188 CC = CC + XJ(an, ) kAl 72}
el
X -~
‘ k-22
r?
3 .. .-‘
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i
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o
1891 READ (5,1000) (LOC(I,m),I=1,7) R
1892 WKITE (33,3011 a,(LOC(l,m),1=1,7)
1893 WRITE (34,3011) nm,(LOCCI,M),I=1,7) )
1894 C 2
1895 L =0 3
1896 0o 35 I1=1,7 -~
1897 TECLOC(I,m) .EQ.0¢) GO TO 36 -
1898 L=1L +1 I
1899 IF(LOC(I, M JBELL .Aanb. LOC(I, M) LE.27) G0 10 35
1900 WRITE (33,4913) J -
1901 MODEY = 1 e
1902 G0 TD 3u 7
1903 35 CONTINUE N
1904 ¢ K
1905 36 IF(L.GT.0/ GO TQ 37 r
1906 L =1 0
1907 LoC(l,my = 21 s
1908 37 MAXPIS(m) = L e
1909 ¢ :

1910 40 CONTINUE ‘
1911 Ckx% DATA POKTHOLE SaVE ‘
1912 IE(NTBSV.EQ.1) N

¥
1913 AWKITE (NT8) ((LOCC(I,1»,I=1,7),J=1,NOFSET) 7
1914 Chax .
1915 ¢ .
1916 C ELEMENT LUAD ChASE mULTIFLIERS :
1917 ¢ ;
1918 49 WKITE (33,2010) .
1919 C A
1920 READ (5,1007) XL¥,iLE,ZLE,ILE,PLE .
1921 WKIfE (33,3013) xLF,(LE,2LF,TLF,PLF o
1922 Cixxk  DATA POKTHOLE SAVE o~
1923 IE(NTB5V.EQ. 1) 3
1924 AWKITE (NT&:  XLE,YLE,ZLF,TLF,PLF R
1925 Chkk “7
1926 ¢ NA
1927 KETUKN A
1928 ¢ =
1929 C FDKNATS
1930 ¢ N
1931 1001 FORMAT '215,2F10.C,0nu: N
1932 1002 EGRMAT (7E10.0/0b10.0) N
1933 1003 EOKMAT (415, -3
1934 1Cu4 EORMAT(3IS) N
1935 1005 EOKMAT (?Elu.v)
1936 1006 FORMAT (714 -
1937 1007 EOKMAT '4EL10.u) "
1938 C Ry
1939 300¢ FORMAT ., 3EH mATERIAL FROPERTY TABLES ) .
1940 3002 FORMAT (/7 ZHORMATEKINL NUNKER = (,I3,1H),/ ~
1941 1 Luld nunbik Ui, /
1942 2 J5H TLnELKATURE FQINTS = (,I3,1H),/ N
1943 3 SoH uE DT LEnLITy = ( JELZ 4, 1Hy, -
1944 | T IR I S I = (,E12.4,1H), T
~
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1945 g 23H IDENT (EICATION = (,6A6,L1H),//

1946 6 14, 11HTERPEKATUKE, 9X, 3HE11, 9%, 3HE22, 9%, 3HE33, 4, JHV12, 4+, 3HV13, ‘
1947 7 4X,3HV33, 64, 3HG12,8X,3HG13,38%,3H523,3X, THALPHA-1, 3%, 7HALFrA-2,

19438 8 3X,7HALPHA-3, /1K)

1949 3003 EORMAT (£12.2,3F12.1,3E7.3,3F11.1,3E10.3)

1950 2004 FOKHAT (//SOH A A TEK 1 AL AX IS OKIENTATI 5 ,

19s1 1 3%,9HT A E L E L/

1952 2 284 2T NODE  HODE  WOLDE 7

1953 3 23H NUMBEX NI il NK, / 1X)

1954 3005 EORMAT (417,

1955 3906 EORMAT(/ Slx 0 [ 5 T X I BUTED SUKFACE LOau

1956 1 LIHD A 5 L ¢ R

1957 3007 EORMAL 1« 7K, 7HLGAL SET NUMBEK = 16 /

1953 1 7% ,27HLUAD SUKEACE ELEMENT EACE = ,I6 /

1959 1 7X,27HLOAD T{PE CODE =, 16/1X

1960 3008 FORMAT ¢12H GISTEIBUTEDL, 114, 4HEC1), 11X, 4HP(2), 11X, 4HF: 3/, 11%,

1961 1 4HE(43, / 4x,BHPKESSUKE,4F15.3)

1962 3009 FORMAT ¢12H H1OKOSTATIC, 10X, SHEAMMA, 11X, 4HX(S),114,4HY (2, 11/,

1963 1 AHZ(S), 11K, 4HX M), L1X, AHT (N), 11X, 4HZ(H), /

1964 2 44, BHPRESSUKE, 7F15.3)

1965 3910 FORMAT <//S1H 3 TRKESS OUTPUT REQUEST TAbLE,

1966 X/

1967 AGH  GET ,7(ZX,SHEOINT), / BH NUMBER ,7(4X,1H(,I1,1H)),. 1O

1968 3011 EORMAT (I8,7(7)

1969 20172 EOKMAT (///34H E LEm ENT LOAD CASE o,

1970 L2IHM UL T [ ¥ L LEEKS I/

1971 X L1A,GHCASE A,4X,6HCASE B,4X,6HCASE C,

1972 2 4%, GHCASE D, /1%

1973 3013 FOKRAT .

1974 1 27H X-DIKECTION GRAVITY = ,AE10.2/

1975 2 27H Y-DIRECTION GRAVITY = L4F10.2/

1976 3 27H L-DIRECTION GRAVIT( = LAE10.2/

1977 4 27H THERmAL LOALIAR = ,AE10.2/

1973 S 27H PKESSUKE LOALIHG = JAEL0.2  //1%)

1979 C

1980 4001 EOKMAT \4UhUERKGu~ak  naTEKIAL CARDS OUT OF OKDEK.,/1l:.

1581 4007 EOKMAT (SZHOEKKUEAxx  NUMBER OF TEMPERATURE CARLS EXCELL- USER,

1982 1 10H maxindn (,14,2H,., / 160

1963 4903 EOKMAT (S1hOLkRUKAAx  TEMPEKATURES MUST BE INPUT IN Al tl.u .

1984 1 7/H URKUEK., /7 14y i
1965  40U4 FOKMAT «47HOEKKURAxA  A4IS ORIENTATION CARD OUT OF ORbex.,. 14) ]
1966 4005 FUKMAT «SUHVEKKGkAAx  UNDEEINED NODE NUNBER = 1S © i« ]
1967 4006 EUKMAT 28HUEKKUKAAA  YECTOR 1J HAS ZERQ LENGTH.,. lX) 3
1968 4007 EOKMAT  SOMOERKOKa%4  VECTOK 1 HAS ZERG LENGTH.,/10 3
1969 4008 EGKMAT (43ROEKKGKAXA 1] AND IK VECTORS AKE P&KALLEL., -
1990 4009 FORMAT ASHUEKKOKtxhk  E3 AND E1 VECTOKS AKE PrknLLEL., .
1991 4010 EOKMAT (SUHOEKKUKAAA  -ET NURBERS MUST BE IN ASCENDING LxDEe,. 1% N
1992 4011 FOKMAT +A0HOEKEOUKAAs  InUALLD SUKEACE EACE NUMEEK., .
1993 4012 FOKMAT «5unCERKUKA~A  INVALID LOAD TYFE.,/1X)

1994 4013 EURMAT t4HOLKKUKs#a  InuiaLlb OUTPUT POINT NUMESK - , o 1o

1995 ¢

1996 C

1997 Lol

1w Cleas-= =zZzZo-oo oo 0« . .. . Lzuitoizzoccz TLIZuITTTIZooozL 1.z
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X 1999 SUBKOUTINE PRINTD (10,D,E,NEQB,NUMNF,LL,NBLOCK,NEQ,NT,nu)
2000 IMPLICIT KEALAB(A-H,0-2)
2001 C
2002 C CALLED &Y: SOLEG,SOLEIG,KESPEC

» 2003 C

2004 UDIMENSION 10¢NUMNE,&),EK(NEQB,LLY,DB(6,LL)
2005 DATA Q11,021,012,022,013,023/ LOAD’,’ CASE‘, EIGEN-', wclTOK',
2006 1 * ®mQDE ', 'NURBEK'/
2007 C
2008 KEWIND g
2009 KEAD <8) ID
2010 M=NEQ
2011 NN=NEQEAHELUCK
2012 ¢
2013 IE (MQ.EQ.2) Q0 T0 Sv
2014 IF (HQ.EQ.3) GO TO <%
2019 REWIND NT
2016 Gl=011
2017 a2=a21
2018 50 TO 60
2019 S0 Ql=@12
2020 02=022
. 2021 G0 TO 60
X 2022 55 Q1=013
- 2023 Q2=Q023
. 2024 KEWIND NT
2025 KEAD (NT)
2026 60 continue
2027 ¢-- WKITE (33,2203) 0l,QZ ‘removed as there 1s 3 prant in SOLEG
- 2028 C
. 2029 N=NURHP
2030 rewind rt LkRARKRAAKKARAARAA
2031 ¢
2032 B0 500 KK=1,NURNP
2033 C
2034 1=6
2035 Do 2850 1i=1,6
2036 D0 100 L=1,LL
2037 100 O(I,L)=0.
z038 IE(M.GT.NN) GO TU 150
2039 IF (#.EG.0) 50 TO 150
2049 READ (NT; b
2041 NN=NN-NEGE
2042 150 IFCID(N,I).LT.1, 0U TU 250
2043 K=M-NN
2044 M=n-1
,{ 2045 C
~ 2046 0o 200 L-1,LL
. 2047 200 Dol L)sR(K, L) A
g 2048 250 I=1-1 %
2040 € -
2050 cc-  WRITE (33,2004) t, L, LI, Ly, I=1,60,L=1,LL) 5
2091 C q
2092 00 nHeN-d A
i
s

P 4% Y

__________
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2093 ¢ .
20354 RETUKN )
2055 C 4
2056 5903 FOKRMAT «1HL,38Hid U D E LISPLACEHRENTS /,

2957 1 ITHR 0 T & 1T 1 0 S,// 3X,4HNODE,2X,A6,2 (12X, 2HX-, 1.+, .
20548 2 SHY~ 10X, ZH2-), / 7R NUMBEK,2X,A6,3¢3X,11HTRANSLAT 1T, "
2059 3 ZLA,EREOTATION?, 1K) N
106U 2004 EORMAT (IG,!18,CEl4.5,: / (7X,18,6E14.5) ) ¥
2061 C~-~ 2004 CToRMAT (1HO,16,15,0214.% / (7%,18,6E14.59) 2
ool €

2063 EAD

2004 Cf=-=====3ocs=Sc-S=c Lo CITorICISIISSSCSIICISSSSCSSSESSoSCSSSSSSTCoUS.oSsDSIZEoz

2065 SUBROUTINE 5CLz1

2uue C

2067 C CALLED BY @ ELT(FE

stoug C CAabls ¢ STgSE

2069 C

2070 INPLICIT KEALAB(A-H,0-2,

2071 C

2072 C 3 /7 D 8 TO 21 nODE SOLID ELEMENTS

2073 C

2074 CORAON /EL¥aks tFAk 14),NUnNP,mnBAND,NELTYP,N1,N2,N3,N4,NS,nTuT, REQ

2075 COMMON /EN/ N5,NL,Lni63)

2076 COMMON/ JUNK/ LT,LH,L,N6,SIG(42),H7,N8,N9,N1O,N11,N12,N13, 014,

2077 1 NL1S,HIG6,NY17

2078 COMnON /EXTKA/ nODEX,NTS,NL1QSV,NT1O

2079 C

2080 COHMON Al

281 C

2082 C

2083 IE(NPAR(Y 2 EG.uy GO TO S0V

2084 C

2085 C ERKOk CHECKS AnD SET LDEFAULT YALUES 1E KREQUIKELD

2086 C

oy7 WRITE (23,1000

Zue IE(NPARCZ 00T G0 ug TO 10

2089 WKITE (33,1900l ‘MFAR(K),K=1,10)

2099 WKITE (33,1002)

2091 510F

2992 10 IE(NFAR(Z).GT. 00 LU TO 20

2093 WKITE (33,1001) (nPAK KD, k=1,10)

2094 WKITE (33,1003

209% STOF

2096 20 IE(NPAK(4).EUG.0) MPAK(E) =1

2097 IECNFAKCT) CEGL QT wPRR(7) = Ld

MYDL IE(HFAKC7) W BELE LAnb. nbak(7),LE.21) GO TQ 30

2099 WKITE (33,1901 (HFak b, KE=1,10)

2100 WKITE (32,luc:

2101 STOF

<102 30 TEGHPARVT) LEuwuws Moarey) = 2

2103 IF(NPAR(Y9) cuE. 2 oanl, nbAak(9).LE.4) GO TO 40

21064 WEITE (33,100l dbiakel ), n=1,10)

1o WEITE Lo, 1ou)

slou STop
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40 IE(NPAKR(10).E0Q.0) NFAK(10)
IF(NFAK(10).GE.2 .AND. NPAK(10).LE.4) GO TO 350
WRITE (33,1001) {(NFAR(K),K=21,10)

WRITE (33,1003)

STOF

STORAGE ALLOCATION

A(N6) = STAKTING LGCATION GF WEIGHT DENSITY

A(N7) = STARTING LUCATION OF MASS DENSITY

A(NB) = STAKTING LOCATION QF VECTOR CONTAINING THE ACTUAL
NUMEEK OF TEMFPEKATURE POINTS FOR EACH MATERIAL TaolE

A(N9) = STAKTING LOCATION OF mATEKRIAL PKROPEKRTY TABLE

A(N10) = STARTING LOCATION OF DIRECTION COSINE ARKAYS EOR
MATEKIAL OKRIENTATION AXIS

A(N11) = STARTING LOCATION OF SUKREACE LOAD FACE NUHBERS

A(N12) = STAKTING LOCATION OF SUKFACE LOAD CODE TYPES

A(N13) = STARTING LOCATION OF PRESSURE WOKRKING ARRAY

A(N14) = STARTING LOCATION OF OUTPUT REQUEST LOGCATION SETS

A(N1S9) = STARTING LOCATION OF VECTOR CONTAINING THE ACTUAL
NUMBEK OF REQUESTED OUTFUT LOCATION IN EACH QUTFUT SET

A(N1G) = STARTING LOCATION OF ELEMENT STIEENESS MATKIX

S0 NG = NS + NUMNF

N7 = N6 + NPAK(G)

N8 = N7 + NPAK(3)

N9 = N8 + NPAR(3)

N10 = N9 + sFAk(3) * NPAk(4) % 13

N1l = N1O + NFAR(S) & 9

N12 = N1l + NPAK(G)

N13 = N12 + NPAR(O)

Ml4 = N13 + NPAK(G) % 7

N1S = N14 + NPAKR(3) % 7

N1G6 = N1S + NPAK(B)

N17 = Hlo + NFAR(7) 4 189

[EC(H17.GT.nTOT Call EKKGR(NL7-nTOT)

PRAICESS ELEnEwT DATA, AntD GENEKATE ELEMENT MATRICES

CALL THDEE (A(HLs,A(N2),A(N3),ACNAY ACNS) ,ACNG) AN/ Y ALHG ), /iND T,
AUNLO) , ACNLLY ,ACNL2) ,ACNI3) , ACNLA) ,ACNLS) ,AINLG
NEAR(Z), NPAK(3), NFAR(4) NFAR(S) ,NFAR(G)  NPAR(T ),
HPAR () ,NPARCT) , NPAR(10) ,NUMNE)

Lot —

RETUKN
KECOVER ELEMENT STRESSES (STATIC CASES ONLY)

UKITE (34,2001
NUME = HFAR(2)

resd (3,4 nll,nuu
format. 315

640
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2161 1i(nll.1e.0) all=l 7
2162 1f{ruu.le.d) nuu=nuae :.j,:
2163 00 300 mM=1,NUNE o
2164 C b
2165 C el
2166 Chikx  STRESS PORTHULE =
2167 CALL STR3C (A(NL), A H3),NEQ, Q) o
2168 IE(NL1OSV.EQ.1) N
2169 XWEITE (NT10) NS vy
2170 Chxx
2171 ¢ %3
2172 IF(HS.EQLLY GU TO 500 -—-—-§3
2173 ¢ N
2174 C- WKITE (34,5000 e
2175 © ;3
2174 00 700 L=LT,LH B
2177 ¢
2178 C X
179 CALL STRSC (A(N1),a(N3,,uED,1) =
2180 LOC = NS/6 o
2181 Kl = -5 S
218c © »
2183 DO 600 N=1,L0C o
2184 Kl = K1 + 6 o
2185 KZ = Ki + 5 2
2186 ¢ -
2187 1fwa.ge.nlloand.um. le.nug) then -
2148 IF(N.EQ.1) WRITE (34,3001 nn,L,N,(SIGCI),I=K]l,K2) »
2189 IF(N.GT.1) WKITE (34,4001) o, (5IG(I),I=K1,K2) i~
2190 end 1f o
2191 ¢ -
2192 Chkx  STKESS POKTHOLE N
2193 [E(N105V.EG. 1) -
2194 AWKITE (NTLO) am, Lo, (Siacls, Lob1,K2) b
2195 Chka S
2196 GuO CONTINUE e
2197 ¢ N
i 2198 C- WRITE 34,5000/ N
2199 C -
[ 2200 700 CONTINUE »
2201 300 CONTINUE 24
' 2oz KETUKN )
| 2203 € ok
2204 C EGRNATS D
2205 C =
2206 1000 FORMAT (S3HI21 - 2 U D E 5 0L ID ELEMENT INFPFUT . »
2207 1 10HD & T A ,//38HOCONTROL InEOKMATION ARE -
2208 10691 FORMAT (43HOEKxOK DETECTED WHILE PROCESSING MASTEK ELERENT , AR
2209 1 L2HCONTROL ChRD, */164, 1H(, 1015, 1H),/1X) o
2210 1602 FOKMAT (32H NO 3.0 SULIL ELEMENTS SFECIFIED,/1X) e
2211 1003 FOKMAT (23H HO MATERIALS KEGUESTED, / 1£) 3
2212 1004 EOKMAT (49H mA<InUm nUMLER OF NUDES nUST BE GE.8 .AND. LE.ZL, ]
2213 100D EGRMAT (42 INTCukATION OKLER nudT KE GE.2 LANDL LE.a,. 1o 9
2214 2001 FURMAT (S4MIZL - M o 0 £ Z 0L 1D ELEMENT - TKE: <
N
\.._
L-al NS
9
e e T e e e e Nl ey e e e e L v.
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o219 x // 3
2216 x23H ELEMENT LOAD LOCATION,9X,6HSIG-XX,9X,6HSIG-Y(,9%,6HSIG-22, X

2217 3 9X,6HSIG-XY,9X,5HSIG-YZ, 9%, GHSIG-2X, //1X) 4
I

2218 3001 EOKMAT (I8,I16,I19,6E15.6)

2219 4001 FORMAT ( 14X, I9,6E135.6)
2220 5000 EOKMAT ( /
2221 C
2222 END
2003 Ci=======8sZ====S-==ZC-OoCX IS IZSSI2CSCSSIRCRSTSCSSSEZSSESSSRSSSSTTISSoZLCoZioLIaE
2224 SUBROUTINE SSLAW (D, &, TEMP,DCA,KAXES,KMAT,NEL,DUM, ALEHA)
2235 ¢
2226 C CALLED EBY : THDFE
2227 C
2238 IMPLICIT KEALAB(A-H,0-T:
2229 ¢
2230 C THIS KOUTINE FORMS THE STRESS-STRAIN LAW IN MATERIAL COORL INATES
2231 ¢ (X1,X2,X3) AND TkawSEORMS THE MATERIAL SYSTEM LAW TO GLOREAL
2232 ¢ COOKDINATES «Xx,Y,2).
2233 ¢
2234 DIMENSION 0¢6,6,E(12),TENF(6,6),0CA(3,3),IFPKM(3),DUA(6,6),
2239 1 ALFHA(G)
2236 C
2237 DATA IPKH / %,3,1 /
2238 C
2239 C EOKM THE DIKECT STrRAIN PAKTITION OF THE STRAIN-STRESS LaW IN
2240 C HATERIAL COORDINATES (X1,X2,X3)
2241 €
2242 bo 20 I=1,3
2243 ALFRA(I) = E(I+9)
2244 ALFHA(I+3) = 0.0
22435 IF(E(D).GT.1.0E-08) GO TO 15
2246 WKITE (33,3000) I,I,KRAT,NEL
2247 STQP
2248 3000 FORHAT (23HOERKOKAAx MODULUS E(,2I1,16H) FOK MATERIAL (, 13,
2249 1 14H) IN ELEMENT (,15,10H) IS ZEKO., / 1X)
2250 15 TEMPCI, Iy = 1.OQ/ZEC])
2251 20 CONTINUE
2282 C
2253 TEMF(L1,2) = -E(4)4 TEnP(2,2)
. 2294 TEnF(2,1) = TEnF (L, 2)
; 2255 TEMF(1,3) = -E(S)4 TERF(3,3)
. 2256 TERP(3,1s = TEnF(1,3)
g 2257 TEWF(2,3) = -E(&)& TEMP(3,3)
‘ 2258 TENF(3,2) = TEMF(2,3)
) 2259 ¢
- 2260 C INVERT THE DIKECT STRAIN PAKTITION
: 2261 C
; 2262 DO 60 N=1,3
: 2263 X = 1.0/TERF(H,N)
' 2264 po 20 J=1,:C
| 2265 30 TEMP(N,I, = - TLnP(n,Jsa x
: 2266 C
. 2267 B0 50 11,32
: 2268 [E(N.EG. D) GO TU o
b-a2
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2289
2290

2291

2292

2293
2294
2293
2296
2297
2298
2299
2300
2301

2302
SeUd
~3ud
Z309
L3V
2307
2308
2309
2310
2311
Z312
2913
2214
2315
2316
2317
23la

2319

2320
2321

(PR PO

NS T
s A e e

[ el

Lo}

) ICL, 1) = .o

90 CUNTINUE
100 COATINUE

y )

L) =, -'.-’ R S
B TRy Wy

A
&
*
'»:
'.l
&
fu 40 J=1,3 py
[E(N.EQ.J) GO TO 40 2
TEMP(I,J) = TEMPCI,J) + TEnFCI,N) & TEAF(N,]) ’,
CONT INUE
TEME(I,N) = TEWPCI, 0 & X
TERP(N,N) = X
CONT INUE

3
3
e

FGkn THE COMPLETE 3TRESS-STRAIn LaW I MATERIAL COORDINATES

b0 70 121,56
Lo 70 J=1,6

t

o 80 I=1

e

[0 80 I:1,3
0CI,1) = TEAr I,

Di4,4) =E(7)

(5,5) = E.

blG,H) E(é;

TRANSEOkM THE malEkIaL LAw Tu GLUBAL COORDINATES (X,Y,2)
IE(KAXES.LT.1} RETURN

TEANSEORHATION BETWEEN naliklal STKAINS AND GLOBAL STRAINS

pd 100 11=1,3
2 = IPRACID)
po 99 31 = 1,3
J2 = IPRM(I1)
TEMEFCID ,11 BLatdl, [1yxDCACTL, 1)
TEMFCIL+3,01 v = DCAQIL, T &DCACIL, 120 & 2.0
TEMPCIL  ,11+3) DCACIL, 11 »AbCACIZ, T
TCMPCTIL+G, 01+ DCAcdl, TLADCACIZ, I2) +
BCha 2, {1 abCACIL, I2)

il

i

EOTATE THE mATLrIal LAW TO Tid GULJBAL SYSTEM

po 13¢ I=
0o 120 3
X = 0.0
U0 110 K=1,0

X = X + DCI,K)&ATenb b, I
puni1, 1 = ¥

CONTINUE

)

1,6
1,6

po 160 I
po 150 1-
X = G.v

H

1,6
1,0

Ca ol
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i
R
X
2323 00 140 K=1,0
2324 140 X = X + TEmP(h, DDADUA(K,D)
2325 (1,3 = X
2326 D(J,I) = X
2327 150 CONTINUE
2328 160 CONTINUE
2329 C
2330 C TKANSEQKR THE EXPANSION COEFEICIENTS EROM MATERIAL COOKDINATES
2331 C T0 GLOBAL COOKDINATES
2332 C -
2333 ¢C g
2334 D0 200 I=1,6 —
2335 X = 0.0 N
2336 D0 190 K=1,3 e
2337 190 X = X + TEMF(K,IJAE(K+Y) T ev
2338 IF(I.GT.3) X =AA2.0 L
2339 200 ALPHA(ID) = i N
2340 C s
2341 RETUKN &2
2342 END! AN
2343 (Ci=c=====-==-=s=zz-=z=-3=-3-=2=Z2C=CTzZI=Z=S3ICSSI=SSESSIESSSSSSSSSSSSSSEZTSSSZSCSooz :'J\:
2344 SUBKROUT INE STKESS(STK,B,0,NEGE,LB,LL,NEQ,NBLOCK) .g_
2345 TMPLICIT KEALAB(A-H,0-2) 2
2346 € s
2347 C CALLS: ELTYPE e
2348 C CALLED BY: 5OLEG e
2349 C 3
2350 DIMENSION B{NEQ,LE),E(NEQB,LL),S5TK(4,LL) o
2351 COMMON /ELFAR/ NPAK(14),NURMNF,HBAND,NELTYP,N1,N2,N3,N4,NS,nTOT,nER oy
2352 COMMON /JUNK/ LT,LH,I1FILL(428) L
2353 COMMON /EXTRA/ MODEX,NTS,N10SY,NT10,IFILL2(12) o
2354 C O
2355 KEAD (8) STk .
2356 NT=(LL-1)/LE +1 S
2357 LH=0 e
2358 Cakx  STRESS PORTHOLE o
2359 IE(N10SV.EQ.1) el
2360 AWKITE (NT10) NELTYP,NT RO
2361 C S
2362 DO 1000 I1=1,NT 2,
2363 € Do
2364 LT =LH+l e
2369 LLT=1-LT e
2366 LH=LT+LB-1 N
2367 IF(LH.GT.LL) LH=LL S
2368 € ..
2369 € MOVE DISPLACEMENTS INTU COKE FOR LB LOAD CONDITIONS S
2370 C "
2371 KEWIND 2 AR
2372 Ckkk STRESS POKTHOLE
2373 IE(N10SY.EG.1)
2374 AWRITE (NT10) LT,LH
2375 NO=NEQEANBLOCK S
2376 [0 200 HN=1,NELOCK A
..;:;..
b-44 ALY
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Sl

RO T,

Ll R 4

NN

R

+ 5

2398
2399
2400
2401
2402
2403
2404
2409
2400
2467
2403
2409
2410
2411
2412
2413
2314
24ls
2416
2417
2418
2419
24290
2421
2422
2423
2424
2428
2426
2427
24728
2429
2430

’V’\’\’ LAl a A \'\’\‘\*\ W T T A

sy

5 LA

O G

Kk

200

800

Juu

AWRITE (il

READ
N=NEQB

IF (NN.EG.1)
N@=NG-NEQE

(2) b
N=NEG~NQ+NEQGB

00 200 J=1,N
I=NQ+]

0g 200 L=LT
K=L+LLT

oL, bEy=B00,L:
Lk= LH LT+l

, L

CALCULATE =TheEsshi ok
KEWIND 1

0O 1000 m=1,NELT(F
KEAD (1) NFAR
STRESS FOKTHUOLE
TECN1GSV.EL. L,
MEREK
MTYPE=NFak- 1!
NPAK(L)=v

CALL ELTYFE«nTTFRE,
CONTINUE

KETUKN
END

SUBKOUT INE STRSCLSTR, U, HEu NTAG)
INFLICIT KEALABCA-H,0-

CALLED Er:
DIMENSION STR(4,17,D(NEG, L)
COMMON . JURK/ LT,LH,L, IPAD
COnMON /En/

IE (NTAQ.Ea.2:
LL=L-LT+}

] I[=1,n5
TR SV IRV

D0 300 I=1,4

0 T0 300

Py
<5l

SHCTy=onilo Tl JonuThe I, L

b 500 J=1,nD

Ju-Lnd

IECII.EG.e: 06 TU SOv

[0 400 I=1,N5
SGCTy=siheloeb I, D0ALVIT, LU

CONT INUE

G0 TO 900

KEAD (1) wbh,ns, oLy, =1, MDD, CC BCI, I
I ((TICI, 1), I=1,NS),1=1,4)

KETUKN

END

E-45
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nlLi ELEMENTS FOK LE LCAD

y [51,N0)

COnDIT L

TKUSS,EEnn, FLANE, THKEED, SHELL, BOUND, PIFE

,S6(20),SI6(7), EXTRA(LSG
NS, ND,B(42,63),T1(42,4),LM(63)

yJd=1, Nl

DALAMN '.1"."-'.'.)'.".7_'-'.‘

"Lt L]
S,
ool

s e 2 e s e -
. [
z ‘_" ‘s

o'l
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SUBKOUT INE 3T8KZ1 (E,B,S,XX,nN0D9,H,P,SIGDT,OELT,ET,LL, XN, NEL, RD, :i

1 IELD IELX KTL, hGL hHS NINT NINTZ UTDEN HS[tN) =
C ]
C CALLED BY : THUFE ;
C CaLLS : DER3DS -
C *~
7

IMPLICIT KE&ALAG&(A-H,0-2) -

[y

. HEXAHEDKAL CURVILINEAR THREE-DIMENSIONAL ELEMENTS

ISOPARANMETRIC Ok SUBPAKAMETRIC

3
OO0 00O 00 00 Coo
. . . .

DIMENSION E(o,13,b806,17,5003,1),XX(3,1),N0D9(1) H(1),F(3,}
1 SIGOT(1),DELTC(L), BT(1),DL(1), XM(1),D(9),SDT(6), kY o,
2 W3,3), IPERN(3,3) KDA(3),LIX(3)

COMMON /34USS/ X504,4),U56T7(4,4)
C KREAL MSDEN
KEALX8 MSDEN

c
DATA IPEKM / 1,4,6, 4,2,5, 6,5,3 /
C
YoL = 0.9
C
C DETEXMINE IE THE naTERIAL IS OKRTHOTKOPIC (IS0.EQ.1, ISOTRorIC:
C
DUK = 0.0
2 DG 20 I=4,6
2469 1= 1-1
[ 2470 00 20 K=1,1 i
t 2471 20 DUM = DBUM +LAESCECK, 1)) '
; 2472 1506 = 1 :
' 2473 IE(DUM.GT.1.0E-6) IS0 = ¢ -1
! 2474 IF(IS0.EQ.0) GO TO 24 -]
’ 2475 b0 22 1=2,3 B
\ 2476 DUM = DUM +DRBSCECT ,1 » -E(I-1,1-1)) R
: 2477 22 DUM = DUM +DABS(CCIed, 1+3) -EC(I+2,142)) -]
: 2478 DUM = DUmM +0ABSCECL  ,2 ) - E(2 ,3 ) ¥
. 2479 DUM = DbUM +DLRBS(ECZ ,3 ) - E(3 ,1 N o
. 2480 IF ( DUM.GT.1.0E-¢ ) 150=0 iR
) 2481 24 CONTINUE "
| 2482 C -
: 2483 € o
5 2484 C VOLUME INTEGRATION LOUE Cq
T
{ N
; E-46 2
.' N
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A GE G NE DS 4AN G460 04 00N, KA 14N

24389 C

2466 C

2437 00 10 LX=1,dINT

2488 00 10 Lr=1,nINT

2489 El=XG(LX,dINT)

2490 E2=XG{LY,NIHT)

2491 DO 10 LZ=1,NINTZ

2492 E3=XG{LI,NINTZ)

2493 €

2494 WT=WOTOLA, winT AW TL i, R InTYAWOT(LZ ,NINTZ)

2499 L

2496 L EYALUATE CToAIn-LDI<PLACERENT MATRIX B AND JACOBIAn DETEan .ami
397 ¢

24938 Call DukZbs vmEL.ax,p,LET,El,E2,E3,NOD9,H,P, IELD, IEL L
149% C

2600 C ADD CONTRIBUTION TO ELEmENT STIEFENESS

2501 C

502 FACT = WTAx LET

2503 FACTZ =DSGRT.FACT

2504 C

2508 pg 25 i-t, ieLD

2506 h3 = 3x1

2507 K2 = K3-1

2508 K1 = K2-1

REIVE] BY(K1) = bul,nliax FALTC

2510 BuirZ) Ev2,K20& FEACTZ

"nwon

2511 BY(K3) B(3,k3i%x EACTZ

2912 25 CONTINUE

2513 C

2ol 00 30 I=1,dl

2515 bu 30 J=1,n0

2516 30 S I, = S,y o+ BVl A BVODD

2517 ¢

2518 C ACCUMULATE ELEMEnT VGLURE

2919 C

252 WOL = YOL + FACT

2821 ¢C

2522 C COmPUTE GRAVITY LUADG

2923 C

2924 [F(KGL.EQ.Y) ud Tu 1950

25705 L0 130 k=1, IELD

2526 150 LGLok) = BLek) + H{K aEACTA WTDEN

2527 C

2528 ¢C COMPUTE ThLEknmAL LUADIRG oGDE FOKCE VECTOK

2929 €

2530 190 IEWKTL.EQ.S» 50 Td 1490

2331 C

2332 C 1. ELEMENT vLmPEKATURE DIFFERENCE AT THIS INTEGRATION rulaT

28553 C (k,3,Ts

2934 U

2935 UT = 9.0

21536 0o 169 -1, 1ELL

2537 160 0T = 0T + vivk .o LELT by

2533 DT = LT« tACT

b7
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2. INITIAL STKESSES AT (Kk,S,T)

Lty ta
¢h
S
-—
OO

2542 D0 170 K=1,6
2543 170 SODT(K) = SIGDT(K)ADT

S 2wy e g g AR A e e
Q
n
w
e

3. NODE FOKCES

to
wn
e
cn
[w L EN

2547 DO 180 K=1,nD

2948 DO 175 I=1,%

2549 175 ET(K) = ET(K) + Bul,kis SUT(D)

2550 130 CONTINUE

2551 C

2852 ¢C WKITE(28,%) ' LT,DELT‘,DT,(DELT(K),K=1,IELD)

2953 C WKITE(23,4) * SIGDT ,(SIGDT(K),K=1,6)

2554 C WKITE(28,4) '  FT ~----=-mmmm—eomommoo e ‘

2555 C WRITE(28,4) (ET(K),K=1,8)

2556 190 CONTINUE

2557 10 CONTINUE

2958 C

2559 D0 39 I=1,2

2560 IC = ND-1

2561 D0 35 I=1,IC

2562 M=1+1

2563 39 S(M,1) = 5(I,m)

2564 C

2565 C COMPLETE THE K-mATKIX WITH APPROFRIATE MATERIAL CONSTANT nuLT-

2566 C FLICATIONS UE THE INTEGRATED B(D AB(J) ARRAY.

2567 C

2568 C 1. TEST FOR MATERIAL TYFE

2569 C

2570 IE(IS0.EQ.0) GO TO 75

2571 C

2572 ¢C A. ISOTKOFIC mATEKIAL

2573 C

2574 0l = E(1,1)

2575 D2 = E(1,2)

2576 D3 = E(4,4)

2577 ¢

2578 D0 60 I=1,IELD

2579 K3 = 3+1

2580 (2 = K3-1

2581 Kl = K2-1

2582 KO = Kl-1

2583 D0 60 J=1,IELU

2584 L3 = 34l

2585 L2 = L3-1

2586 L1 = L2-1

2587 Lo = L1-1

2588 C

2589 IC =0 ~3

2590 00 4011=1,3 Li

2991 Moz D1+ kD N

2592 DO 40 11=1, =

R
by f:\
B N e N o e e L L e e L N




40

(51 SN SO I 36 BN S %
Lnoen Choen cn Cn

[Ca N B s Vs IS RN 5 ]
O ~3 G nob W

2601

2602

2603

~G04

2605

20065

2607 C
2G60g GO
2609
2610
2611
2612
2613
2614
2619
2616
2617
2618 C
2619

2020

2621

2622

2623

2624 30
2629 ¢
2626
2627
2628
2629
2630
2631
20632
2633 83
20724
20639
2636 ¢
2637

26048

2639

26040

2641 C
2642 U
2643 90
044 C
2649

2616

[ge}

[l S ]

3

wn

i
[g)

s

. [ ety - M T N Y S L e
"J‘-“/‘c"{‘-".{'!.}'.""’.’
i) -

T R R W VN VAN o Vi L g TR e A S oA

N = JJ+ LO

IC = IC+ 1
DCICY = S(n,
CONTINUE

3(K1,LY) = Uilsx D1
S(KR2,L2) = W94 Ol
S(K3,L3) = D9« [l
S(K1,L2) = [(2)4 D2

+ o+ 4+ o+

Lidi;k D3

SCK2, L1 = Dedox UZ « D20k D3
S(R2Z,L3) = DLoyx U2 + [03:k D3
STK3,L2) = D{Syx D2 o+ Duoik 03
S(h3,L1) = 070x D2 v LiZrk D3
SORL,L3) = Duldex D2 v D704 D3

CONTINUE

20 T0 110

aaTER DAL

B. anlzgThror[C

DO 190 I=1, ELL
KO = 3x1-3
GO0 100 I1=1,IELD
LO = 34I-3

po 80 Ii=1,.

m o= TItko
bg 80 11-1,:
N o= JItLD

WCIT,JT)y = -om,
CONTINHUE

GO 100 K=1,:

Il = K§+1

Dd &2 I11=1,:
KDACId) =IFERR 17,1
0o 99 L=1{,5

[2 = LO+L

Lo 65 1d-1,:2

LOA( Iy =[Feeme LI, L

SUM-0.w

Du 90 11=1,
Kl = vl [0
g 8 Ji-l,s
K2 = LDhxJ1)

1

SUH = LUH t u‘\il,AJf'L'.’\l,l'\’:)
CONMT INUE

SO0, 100 ¢ Lua

T

T T A e T A AT e e e Y

o T

vD(g) + D(9)Yirk D3
(hily + D9k L3
Cueg) o+ (1) 03

A ity TP AN NN 2 PR AR L ) Sl Sl G G Ve

AT P T T T T TS \q‘,‘
R N R N

AN N ALY A

I‘ - :’I .

SO Tty

o1

e

[

_v‘ . r"

A
L N T
PSSR S T g Y

- r'.;

vl

-—q’
PV,

Ty



L ?
kT
=
Q
I
-
.
w
By
2
Hl
mm
I\I

-84-0334




7 AUV TN SR O I O 1S el

e

1
o
<<
X
(S
—
wn
uJ
—
=z
S
-
D
)
Q
v
Lo
o
>
[
Q
[5]
Q
&
Q
=




0 C - - R .
" " R N S e gy ! NI AR SN N AT PR TN M St gt

~
-
.h
i
e
B ”
. 2647 95 CONTINUE 2
' 2648 100 CONTINUE ‘4
2649 110 CONTINUE ‘
K 2650 C ’
2651 ¢ "
S 2652 C REFLECT EGR SinnETK: .
2653 c .
54 pd 200 [=1,ul A
2655 DO 200 J=1,nD
. 2656 200 S¢I, D) = 5S¢0, o~
- 2657 C “J
~ 2658 ¢ CONSTRULT THE LumPED hASS MATRIX A
X 2659 C ;
2660 IE(KMS.EQ.¢) KETURN y
. 2661 C ¢
2662 FACT = vOLA nSDEN/ IELD s
: 2663 DD 220 K=1,ND v
K 2664 220 XM(K) = EACT h
¥ 2665 C '
2666 C Ny
y 2667 KETUKN >
. 2668 END s
: 2669 Cl=========z=xc=Z=2s-Tc--=2:23==3==XScCEX=S=STTESISERSSRECXISTESSRTSSESSTIIISISSIZSES -
) 2670 SUBROUTINE THGEE (ID,X,Y,Z,T,DEN,RHO,NTF,EE, .
A 2671 1 [CA,NEACE,LT,PWA,LOC,HAXPTS,SS, A
e 2672 2 NUME, HUMNAT,MAXTE ,NORTHO,NDLS, MAXNOD, :
‘ 2673 3 NOPSET, INTKS, INTT, NUMNP) P
. 2674 C -
. 2675 C CALLED BY : SOL21 o
. 2676 C CALLS : INFZ1,CALBaN,SSLAW,DER3DS,ST8R21,FACEPR N
y 2677 C “J
; 2678 IMPLICIT KEALA8(A~H,0-2) E:
. 2679 C ‘
; 2680 C KOUTINE FOK THE STIFENESS, MASS AND STRESS MATRIX GENERATIOW "
| 2681 C FOK THE 8-T0-21 NODE ISO-(OK SUK)~PARAMETIRIC ORTHOTROPIC Iy
) 2682 C HEXAHEDROMN. o
2683 C o
2684 COMMON /JUNK/ XLE(4),YLE(4),ZLF(4),TLE(4),FLE(4),FILLI(22),V2(3), )
2685 1 SILL2(12),LS(4),KLS(4),NOD(21),NODOM(13),KOD(2]), )
2686 2 NKEAD, TnG,E(l ) <
‘ 2687 COMMON /ELPHR/IEILLS(lJ) MEAND o
. 2688 COMMON /EM/ SOT(42,63), SF(42 ,4) NS, NI, LM(63) ")
2689 UIMENS IGn RE(63,4),XH(GB),U(G,G),IEHP(G,G),DUH(G,G), A
2690 A ALPHACG) ,XX(3,21),B(6,63),H(21),P(3,21),5IGDT(L), ~
2691 X DELT(21),ET(63),0L(21),PL(63),LOCOF(7),VIS(G) ’
' 2692 C -
g 2693 COMHON /GAUSS. XG(4,4),WGT(4,4),STPTS(27,3) =
. 2694 COMMON /DYN / IEILLAC11),NDYN N
L 2695 COMMON /EXTkA/ MODEX,NI8 N
- 2696 C ~
2697 DIMENSION ID(NURNE,1),Xx(1),Y(1),Z¢1),T(1),DENCL),RHO(L), #
269¢ ! NIP(1),EE(MAXTP,13,1),DCA(3,3,1),NEACE(L),LT(1), -
2699 2 PMAC7,1),L0C(7,1),4AXFT0{1).S2:63,1) w
2700 € .
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2792

2703
2704

il T

wi Ua
2706

e W)

wiV/
NYDT:
2759
2710
2711
2710
2TL3
2714
2718
2716
AR
~f s

2718

[ 3¥]
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NENIN I (VI oV
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LIttt a3ttty
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2744
2745
2746
2747
2744
2749
2750
2751
275<
2793

2754

.....

DATA  T61, TGl
STRTS(1, 1)1,

STFTS\2,1:=-1.
STPTS(3,1)=-1.
STETS(4,1:=1.

STFIS(S,1)=1.

STPIS(G,1)=-1.
STPTS(7,10=-1.
STFTS(G, L:=1.

STPIS(2,1)=u.

STFTS(L0,1i=-..
STPIS(IL,1=0.
STPTS(ID, 1 =1,

STPIS(13,1)=0.
STFTS(14,10=-1.
STPTS(1S,1)=u.
STPTS(lé,1/=1.
STRTS(17,1=1.
STPTS 16,1 =~1.
STPTS(19, 1021,
STPTSZ0,10=1.

STETS(Z21,1 =d.
STPTS(22,1:=1.
STPT5(23.1/=-

STPIS(Z4,1)=0.
STETS(25,11=0.
STPTS(26, 1 =0.
STETS(27,1:=0.
STPTS(1,2)-1.

STPT5(2,2:=1.

STPTZ(Z,21=-1.
STETS(4,2)=-1.
STPTS(S,2)=1.

STPTS(G6,2,°1.

STFIS(7,2)=-1.
STPIS(S, 2 =-1.
STPTS(9,2/=1.

STPTS(1u,2)=0.
STPTS(11,2)=-1,
STPTS(12,2150.
STPIS(13,2/=1.
STPTS(14,2, 20,
STPTS 15,2 =-1.
STFT5(16,2)=0.
STPIG(17,2)=1.
STPTS(18,2i=1.
STPTS(19,21=-1.
STPIS(20,2s5-1.
STPTS(21,2150.
STPTS(22,2)%0,
STFTS(23,2)=0.
STPT3(24,2,=1.
STPTS (25, 2s--1
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AN STFTS(26,2)1=0. 520
2756 STPTS(27,2s=0. )
2757 STPTS( 1,3)=1. oty
275 STPTS¢ 2,3:=1. ®
275 STPTS( 3,3)=1.
1760 STETS( 4,3=1.
2761 STPIS( §,3)=-1.
2762 STPTS( 6,3)=-1.
2763 STPTS( 7,5/=-1.
2764 STPTS( &,3)=-1.
2765 STPTS( 9,3)= 1.
2766 STPTIS(L0,3= 1. A
2767 STPIS(11,30= 1. '
2768 STFIS(12,3)= 1.
2769 STFTS(13,3)=-1.
2770 STFTS(14,3)=-1.
2771 STPTS(15,3)=-1.
2772 STF1S(16,3)=-1.
2773 STFTS(17,3)=0.
2774 STFTS(18,3)=0.
2775 STFTS(19,3)=0.
2776 STPTS(20,3)=0.
2777 STPTS(21,3)=0.
277§ STPTS(22,3)=0.
2779 STPTS(23,3)=0.
2780 STPIS(24,3)=0.
2781 STPTS(25,3)=0. X
2782 STFTS(26,3)=1. é{
2783 STRFTS(27,3)=-1. N,
2784 XG(l,1) = 0. -
27895 XG(2,1) = 0 25:
27856 X6(3,1) = 0 -
2787 XG{4,1) = 0. ey
1738 XG(1,2) = -.577350269189600 3
2789 A6¢2,2) = .5773502691896D0 s
2790 X64(3,2) = 0. =7
2791 x5(4,2) = o. s
2792 XG(1,2) =  -.7745966692415D0 o
2793 X6(2,3) = 0. Y
2794 X6(3,3) = .774596669241500 e
2795 XG(4,3) = 0 s
2796 XG{l,4) = -.8611363110941D0 o
2797 XG6(2,4) =  -.339981043584900 Py
2798 XG(3,4) = .339981043584900 "
2799 XG(4,4) = .361136311594100
2800 WGT(1,1) = 2.0
2801 WeT(2,1) = 0.0
2802 WET(3,1) = 0.0
2803 WGT(4,1) = 0.0
2804 WGT(1,2) = 1.0
28vo WuT(2,2) = 1.0
2806 WGT(3,2) = 0.0
2807 WGT(4,2) = 0.0
2808 WGT(1,3) = .5999555555596 01O "
¥
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WGT{(2,3) = .3cbuobobduuyy ]
WaT(3,3) = .555055500L0535¢6 )
WGT(4,3) = 0.y
WGT(1,4) = .3478545451373 Do
WGT(2,4) = .03921451048eL% 1o
WGT(2,4) = 0521451048605 0o
WGT(4,4) = 3473948491373 po
NTBSV = nGDLx
B0 10 I=4,¢
Do 10 J=1,us

10 BCI, 1 = w.u
po 14 I=1,41
00 14 J=1,4

14 SE{I,J)=u.x

30

*WKITE (33,3016)

PRINT ELEMENT CU«TROL ¥rnkIABLES

WKITE (33,3001 wumE,nUnnal, nAXTE,NOKTHO,NDLS, nAXNOD,NGroil, INTRS,
1 IWIT

KEAD AND CHECK InFUT UP TO THE ELEMENT DATA CAKDS

CaLL INF2I (NURAAT, MAXTP ,NORTHO,NDLS,NOPSET ,NTGSY, nunnf. «,
1 {,.,UEN,RHO,NTP,EE,DCA,NEACE,LT,PUA,LUC, nArFTS)

KEAD ELERMENT DATA CARLS

MKEAL = 8
IE(HAXNOD.GT.8) NKEAD = 21
WKITE (23,53014)
IE(MAXNOL.GT.8)

(1,1=1,8}
(I,1=9,21)

HEL = 0

CAKD FOR ELEMENT NUMBEK ONE ONLY

READ (5,10u8) INEL,nDIS,NXYZ,NNAT,MAXES, I0F, T2, K6, NRS L4, 4l iul
1, IKEUSE, (L5CD), I=1, 47

KEAD (5,1009) (NOL(I),I=1,NREAID)

IKEUSE = 0

IT{INEL.EG.1) GO TO Sl

WKITE (33,4013, Iifl

WKITE (33,4014)

STOP

L Lo e s e A e mam
LKoo U mbk Leilba YR INRaC

READ (5, 10061 INEL,lI5,0x1Z, NMAT,MAXES, I0F, T2, kG, #KS TIT AT INT

1, IREUSE, (L3 1y, I=1,4)

READ (S,1009) (rulcly, [=1,0ARKEAD)

g L AT T AT A AT A
AN ‘ 'N iy -\'. ~ \,\ruf\
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2863 C DATA ADMISSIBILITY CHECK
2864 €
2865 S1 IE(NDIS.EQ.0) NDIS = MAXNOD
2666 IE(NDIS.LE.MAXNOD) G0 TO 5051
d 2867 WRITE (33,3015) INEL,NDIS,NXYZ,NMAT,MAXES,IOP,T1Z,KG,NRSINT,NTINT \
b 2868 1, IREUSE, (LS(I),I=1,4) !
) 2869 WRITE (33,4015) NDIS,MAXNOD ;
" 2870 STOP v
> 2871 5051 IF(NDIS.GE.8) GO 10 52
2872 WRITE (33,4023) NDIS
> 2873 STOP N
& 2874 52 IE(MXYZ.EQ.0) NXYZ = NIDIS ;
5 2875 IE(NXYZ.LE.NDIS) GO TO 5052 iy
- 2876 WKITE (33,4016) NXYZ,NDIS Ny
2 2877 WRITE (33,4099) :
2878 MODEX = 1
- 2379 G0 TO 53
; 2880 5052 IF(NXYZ.GE.8) GO TO 53 -
' 2861 WRKITE (33,4024) NXYZ 4
2892 WKITE (32,4099) "]
¥ 2883 MODEX = 1 e
‘ 2884 53 IE(NMAT.GE.1 .AND. NMAT.LE.NUMMAT) GO 10 54
N 2889 WRITE (33,3015) INEL,NDIS,NXYZ,NMAT,MAXES,I0F,TZ,KG,NRSINT,NTINT .
- 2886 1, IKEUSE, (LS(I),I=1,4) -
N 2887 WRITE (33,4017) 3
> 2888 WKITE (33,4099) Ny
- 2882 MODEX = 1 :
A 2890 54 IF(MAXES.LE.NORTHO) GO TO S5 :
. 2891 WRITE (33,3015) INEL,NDIS,NXYZ,NMAT,MAXES,I0P,TZ,KG,NRSINT,NTINT <
. 2892 1, IREUSE, (LS(1),I=1,4) .
¥ 2893 WRITE (33,4018) .
; 2894 WRITE (33,4099) 3
' 2895 MODEX = 1 g
2896 55 IE(I0P.GE.O .AND. IOP.LE.NOPSET) GO T0 56 }
P 2897 WRITE (33,3015) INEL,NDIS,NXYZ,NMAT,MAXES,I0F,TZ,KG,NKSINT,NTINT :
& 2373 1, IKEUSE, (LS(I),I=1,4) .
~ 2899 WRITE (33,4019) :
N 2900 WKITE (33,4099) g
N 2901 MODEX = 1 ¥
2902 56 D0 57 I=1,4
} 2903 IE(LS(I).GE.0 .AND. LS(I).LE.NILS) GO 10 S7 "
[~ 2904 WRITE (33,3015) INEL,NDIS,NXYZ,NMAT,MAXES,10F,TZ,KG,NKRSINT,NTINT by
e 2905 1, IREUSE,(LS(J]),J=1,4) X
S 2906 WRITE (33,4020) LS(I) .
! 2907 WRITE (33,4099) "
' 2908 MODEX = 1
2209 57 CONTINUE .
2510 C
2911 ¢ DEEAULT VALUES iF REWUINEL
. 2912 ¢ i
2913 IE(KG.EQ.0) K& = 1
29i4 IE(NRSINT.EQ.0) NKSINT = INTRS
3 2915 IF(NTINT.EQ.0) NTINT = INTI "
2916 € )
y (&
»
. B-54 *
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P
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2917
2918
2919
2920
2921
2922
2923
2924
292§
2926
2927
2928
2929
2930
2931
2932
2933
2934
2935
2936
2937
2938
2939
2940
2941 ¢
2942
2943
2944
2943
2946
2947
2948
2949
2950
2951
2952
2953
2954
2955
2956
2957
2958
2959
2960
2961
2962
2963
2964
2065
2966
2967 ¢
2968

2969 ¢
2970 €

C

o IR o I o B wr B o |

i‘._JJ'.r.J'J-

'\.

on
[exe}

99

&0

G
(%]

70

72 KLS(D) =

74 KOD(T) =

I L Y TNy okl bra da Pea &°
AMAY A amu M W L WL W N OO S R PO MY KV

e 0% A A it St ol Sl Sl

po0 98 I=1,s
IF(NOD(IY.GELL AN,
WRITE (33,3015, IWNEL,
1, IKEUSE, (L5, J=1,4!
WRITE (33,4021) I,NODC.
STAP
CONT INuE
IE{mAXNGL . LT .9
11 = ¢
U0 59 I=9,21
IE(NODCID) VEQ.O
11 = IT + 1
tob9n(Il, = 1
IECNODCI) JLE.NUnNE
WRITE (33,3015 INEL,NDIS
1, IKEUSE,(LSt1),1=1,4)
WRITE (33,4021) I,NODWT-
STOFP
CONTINUE

NUD (L) LE.NUMNE) 50 TO 58
HOIS,NAYZ,NMAT,MAXES, 10F, T2, 16, NRSINT, nT INT

GO TU wu

GO TO 29

30 15 93
NXYZ,HHAT, MAXES, 10¥, T2, K6, RESIni NTINT

1=11+3
IE(1.EG.NDIS)
URITE (33,4025
STOP

nl To &v
I,NDIS

NEL = NEL + 1
ML = INEL - NEL
IECHL) 65,70, 80
WRITE (33,4022,
STOF

INEL

SAVE THE DATA FOR ELEMENT NUmBER AINELx FOR POSSIELE USt Id
DATA GENERATION

KIS = NDIS
FX(Z NXYZ
KMAT NMAT
KAXES MAXES
KIOP 10P

112 12

Khi K3
KRSINT = Hkslid
KTINT NTINT
KKEUSE IREUSE
b0 72 I-1,4
LoD
DO 74 I=1,nNKEnD
NoDC L)

it

woH

Bwonow

TAG = IG1

G0 TO 4v

INCKREMENT THE tud-ZErd NODE NUMBEKS EROM THE FRECEEDING

cr
Do

\“\f\’s'\'-’x’\“\' ‘\*\ (SR x \’\‘ r\(
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2863 € DATA wuBISSIHILIT! LAECK .
2864 C 3

2808 21 IE(NRDIS.EQ.u) WNUILS = mAaXNQD

.

)

,

!
2971 ¢ ;
2972 §0 DO 85 I=1,NKEAD A
2973 [E(KODCD) LT 1) GO TG 85
2974 KOD(I) = KODC(I} + KG 3
2979 85 CONTINUE {
2976 TAG = TQa2
2977 ¢ n
2978 90 NI = 3 & KUI3 .
2979 C N
2980 C COMPUTE THE AVEXRALE ELERENT TEMPERATURE USING COOKDINATE NOLES
2981 ¢
2982 TAY = 0.0 — .
2983 00 95 K=1,LXY2 <]
2984 I = KOD(K) ‘
298% 95 TAV = TAV + T(D) 1
2986 TAV = TAV . KXyl 5
2987 C
2988 C PEKEORM TEMPERATURE INTEXPOLATION EQR THE PROPEKTY SET :
2989 C 4
29990 NI = NTE(hmAT) e
2991 IE(NT.GT.1) GO TO 160 A
2992 97 00 98 I=1,12 -
2993 98 E(1) = EEt1,I+l,knaT) yc
2994 GO TO 112
2995 100 IE(TAV.GE.EE(L,1,kmaTi) GO 10 104 ;,
2996 102 WRITE (33,4030) TAV,NEL,KHAT N
2997 STOF “
2998 104 IECTAV.GT.EE(NT,L,knal)) 50 10 102 X
2999 IE(TAV.EQ.EECL,1,KNAT)) GO TO 97 )
3000 C 3
3001 [E(MGDEA.EQ.1) Ly TO 112 r
3002 C :
3003 D0 106G k=2,NT N
3004 2= 4 "
3005 kL = k-1 )
3006 IE(TAV.GT.EEwnl,l,kMaT) aND. TAV.LE.EE(K2,1,KNAT)) G0 T0 108 .-
3007 106 CONTINUE -3
2008 108 DT = EE(K2,)1,KkMAT) - EE(KL,1,KMAT) :
3009 KATIO = (TAV - CE(KL,1,KMAT)) / BT ~
3010 DO 110 I=1,12 3
3011 110 E{D) = EE{KL,I+l,kMaT) + KATIO AUVEECK2,I+¢1,KMAT)-EE(KL, I+1,KnaY /) ..
3012 ¢ -
3013 112 CONTINUE i
3014 C -
3015 C EOKN THE STRKESL-STRAIN LAW IN mATERIAL COORDINATES AND TRANSEUERM :
3016 C T0 GLGBAL (4,1, COURDINATES -
3017 C »
3018 [E(nOLEX.EQ.O) X
3019 ACALL SSLAW (D, E,TEMP,UCACL,1,KAXES)  KAXES,KMAT,NEL,DUM,ALFHA) -
3020 C .
3021 C STUKE THE HGDE COOKDINATES FOK THIS ELEMENT {7
3022 ¢ K

3023 [E(MUDEX.EG. Yy a0 TO 4l9 .
3024 C 3
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3023 o 130 I=1,KDpIS
3026 II = ROD{L
3027 IECI.LT.9) GO TO 125
3028 31 = NODIM(I-8)
3029 IT = KODCID)
3030 125 XX(1,I) = XuID

3031 X2, = 1l
3032 XX(3, 1 = Z¢ID)

3033 130 CONTINUE

3034 C

3033 C COMPUTE THE ELEmENT STIFENESS, HASS, THERMAL AND GKAVITY LUAl
3036 C MATRICES

3037 C

3038 [0 170 I=1,e3

3039 Do 170 J=1,4

3040 170 RE(I,D=0.0

3041 €

3042 IE(KREUSE.EG.1) LU TD 300

3043 C

3044 bo 180 I=1,kDIs

3045 130 DL(D=0.0

3046 b0 190 I=1,nD

3047 C

3048 C

3049 € 1. THEknAL LJADS

3030 C

3081 190 ET(1)=0.0

3052 KIL = 0

3053 bux = 0.0

3054 po 200 I=1,4

3033 200 DUX = DUX +DABS(ILECI))

3056 IE(DUX.GT.1.0E-0G) KIL =1

3057 IE(KTL.EG.1) THEW RN

3058 WRKITE(99, k) "$3959938%4 ktl===1' RN
3059 END IE RN

3060 IE (NDYN.GT.0) KTL=Q

3061 IF(KTL.EG.0 .OK. NDYn.GT.0) GO TO 235
3062 C

3063 C A.INITIAL STRESS CONSTANTS

3064 C

3063 Do 210 [-=1,¢6

3066 SIGDT(D) = 0.0

; 3037 L0 205 K=1,6
{ 3068 205 SIGDTI(I) = SIGDICID) + D(I,K)k ALPHA(K) ' 1 changed ta 1 .rirst)

3069 210 CONTINUE

3070 C WRITECZE, &) s1gdt 1n THDFE’

3071 C WKITE(Z8,x)  (s194t(k),k=1,06)

3072 €

3073 € B. VECTOK UF NGDE TEMPERATURE DIEFERENCES
3074 C

3075 LG 230 I=1,KDIS

3076 II = KOBCD

3977 IECI.LT.9) GO Td 220

3078 J = NOD9N(I-8)
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1 3079 IT = KODdd)
3080 220 DELT(I) = T¢Il - ITZ
3081 230 CONTINUE

3083 C. CLEAkK THE THERmAL LOAD NODE EGKCE VECTOK

3089 2. GKRAVITY LOALS

e NeNwNel

3087 235 DUX=0.0
3088 00 250 I=1,4
! 3089 250 DUX = DUX +0AES(KLE¢I;) +DABS(YLF(I)) +DABS(ZILE: 1)}
" 3090 KGL = ¢
- 2091 IF(DUX.GT.1.0E-G6s kGl = 1
» 3092 IF (NDYN.GT.0} KGL=0

< 3095 C 3. MASS nATKIX

N 3096 KNS = 0

~ 3097 IE(NDYN.GT.O) kn3 = 1
"

.

3099 B0 270 K=1,ND

3101 4, STIEENESS naTkIX

[ BN w]

; 3103 270 XM(K) = 0.9

3104 00 280 I=1,ND
; 3109 U0 280 K=1I,ND
3106 230 SSC(I,K) = 0.0

3109 CALL ST8K21 (D,B,SS,XX,NOD9M,H,F,SIGDT,UELT,ET,OL, XN, NEL, 0D, 0I5,
3110 1 KXTZ,KTL,HGL,KnS, KRSINT ,KTINT, DEN(KMAT) , KHO (KMAT

]

3113 NODE EOKCES DUE TO THEKMAL DISTORTION

(e 3N or I ou I wo]

3115 300 IF (KTL.EQ.O) GO I0 329

3116 U0 320 I=1,ND
3117 DO 310 k=1,4
. 3118 310 RECI,K) = ET(Lia TLE(K)

3119 320 CONTINUE

3121 NODE FORCE: LUE TO STATIC ACCELERATIONS

3124 S0 IF (KGL.EQ.Us GO TO 350

. 3128 DO 340 I=1,n01S

- 3126 K3 = 3al

; 3127 (2= K3-1

. 3128 Kl = K2-
3129 DO 330 L=1,4
3130 KE(K1,L) = KE(Kl,L) + XLE(LYADL(D
3131 KE(K2,L) = RE{KZ,L) + YLE(L)A DLCD)

oot

3132 330 KE(K3,L) RE4K3,L) + ZLE/L)A DL(ID

h SN 4
"» ‘a Z»
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CONTINUE

COMPUTE NOGUE FORCES [UE TO ELEMENT SURFACE LOALINGS

K 3137 350 IE(HDLS.LT.l.dk.alii#.oT.0) GO TO 405 :

N 5138 ¢ 3

N 3139 00 400 L=1,4 3

t 3140 LECPLEA L Dauone 5w TU 490 .

: 514l M= KLI(L: "
3142 IEeH.LT. 1) 60 T0 v

DG 20 K=l,ud

FLeky = g.¢
3l4o CALL EACERKR Bl ULl nerl, xx,dGEIM,H, P, PL,HEACE ny LT & . R
Furil,n., n

LG 376 I=1,ND

KECL, L) = hol,L: + yLul2»kx PLE(L)
3152 400 CONTINUL oY
cOnTInUE }

Tu THE ELEMENT DEGRELS OF EKEEDUn

noS[oN EqUAaTiun runmbBER:

. 3157 Al0 K = -3 R
" 3158 D0 420 I=1,KDIS N
A 3159 IT = KQDCI: 4
. 3160 IFCTLLT.9) GO TO iy
~ 3lel 11 = NOD9Mm:I-é) A
o 3162 I1 = KOD(Jo A
L J163 415 K = K+3 :
3164 00 420 w=l,2 }
2169 n o= Kel ey
3166 420 Lmumy = [DoLI,L:

- 3le? C .
K 3168 LECKIOF.GT. 00 NS - Gana&FT5(KIOE) >
4 3169 LECKIOP.ZR.0) N3 = & ‘
y IE (HD{H.5T. 0/ Nu=4Z

']

SAVE STIEFNESS Anl LOnl nATKICES

Call

caLlban (mBanl ,NDTE, Lo, xH,85,RE,ND,G3,NS)

COmPUTE STKRESS KECUVEKY mATKICES .

o OO

- 3178 [E (NDia.LT.1) 09 T 420 -

b 3179 NOF=7 N

N 3180 D0 422 I=1,7 .

3 3181 422 LOCOR(I:=1 + Zu Ny

A 3182 G0 TO 450 K

& 3183 425 [F (KIOP.EG.v) ul Td 440 o]
3184 NOF = miaPTZ KIOF:

w 3135 U0 430 I=1,NOP

. 3135 430 LOCOF. 1, = LGCuI,niuE)
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3187 G0 TO 45v N
3188 440 NOP = 1 v
3189 LOCOF(1 = 21 ¢
. 3190 C N
p 3191 450 IF(MODEA.Eu.!, 50 TO %19 "
d 3192 ¢ N
) 3123 C CONSIDEK EACH GUTFUT LucATION 3
{ 3194 C .
3199 00 500 L=1,nGF ‘
3196 © X
3197 M= LOCOF:. L, o
3198 El= STPTS(n, 1 "~
3199 E2= STFTISin,2) s
3200 E3= STPTS(m,3) “J
3201 ¢C "
3202 ¢ COMFUTE THE LTRAIN-LISFLACEMENT MATRIX AT THIS LOCATION s
3203 C ~
3204 CALL DEE2DY WNEL,x,i,DET,El,EZ,E3,NODIM,H,F,hDIS, K (2, N
3205 C o
3206 DO 470 I=1,0 "
3207 N= GAiL-12+1 i
3208 DU 465 J=1,nD -
3209 Q= 0.0 Yy
3210 DO 460 K=1,0 3
3211 460 Q = Q + DCI,K)& Bk, D) Q'
3212 4865 SDT(N,1) = G X
3213 470 CONTINUE .
3214 € v
3215 C FOKM THE INITIAL STRESS CORKECTIONS DUE TO THEKMAL LOADS -
3zle ¢ ~
3217 IF(KTL.EG.0 .OK. NDin.GT.0) GO TO 500 "
3218 C N,
3219 C F
3220 € 1. TEAFERATUKE UIEFEKENCE AT THIS LOCATION 3
3221 ¢ o
3222 Q= 0.9 ~
3223 [0 480 K=1,nDLS .
3224 C N
3225 ¢ 2. YECTGK OF INITIAL STRESSES ™
3226 C '
3227 480 Q = O + H'K)A DELT(y %
3228 D0 485 h=1,0 hy
3229 485 VIS(K) = -0 & SIGDT (1) e
3230 € 2]
3231 D0 490 I=1,¢ {*
3232 N = Gk(L-1,+1 .
3233 € -
3234 DO 490 K=1,4 .
3235 490 SE(N,K) = wIS(I:» TLE(K: N
3236 C e
3237 500 CONTINUE
3238 C
3239 ¢ SAVE THE STRESS KECOVEKY ARRAYS
3240 C




Y,
N ‘A
: 2
3241 ¢C -
N 3242 510 CONTINUE ’
3243 C
. 3244 IE(HODEX.EQ.0O} 3
S 3249 LWRITE ©1) ND,NS,(LaCD),I=1,ND),((SDT(I,J),1=1,NS),J=1,,n0., .
n, 3246 2 ((SE(I,3),1=1,n3),3=1,4) .
: 1247 © .
3243 € FRINT DATA FGo ThE CUKEENT ELEMENT .
3249 ¢ .
. 5290 WKITE (33,2015 NCL,KEIS,hAYZ,KMAT,KAXES,KIOF,TTZ, b a,nboinT, nlis T, :
X 5.91 1 LKEUSE,HLS X
3252 wi ITE (33,3017 Gl Do, 1=1,0kEAD) N
P 3293 C Ny
3254 CAAA  LaTé POKTHGLE Zavk ]
5255 IEANTGSY.EG. 1 N
; 325 IWKITE (nId) NEL,tDIS,KX1Z,KMAT,KAXES, KIOF,TT2Z,  KKRSiel,nTINT, >3
: 3257 2 KKEUSZ,KL3, NKEAD, -
) 3258 3 (KOD Ly, =1, HKEAD) N
N 3259 Chrk 3
N 3200 C .
3261 C CHECK FGx THe LaST ELERENT
: 3262 C N
- 3263 IF (NURE-NEL) 65,000,530 v
y 3264 430 IE(AL/ 50, Su, 00 >
- 3269 & N
- 3266 600 KETUEN >4
3267 € ,
. 3268 C FUKRATS ’
: 3269 C -
. 3270 1008 FORMAT (GIS,Fl0.0,4I5,412) o
X 3271 1009 EORMAT (15615) i
- 3272 C >
3273 3001 FURMAT ( 74,24HNURBEK OF 21-NODE ELEMENTS = 1677 -
3274 1 7%, 34HNUNBEK OF MATERIAL SETS = 16/ ")
] 3275 2 7%,26HMAXINUM NUMBEK OF MATEKRIAL, / N
" 3276 3 7%, 34HTCRPEKATUKE INPUT POINTS = I /. :
' 3277 4 7x,1°HNUMEER OF MATERIAL, ; )
" 3278 5 7% ,34HAX1S OKIENTATION 5ETS = 16/ .
3279 X 74, 34HNUMBEK OF DISTRIBUTED LOAD SEIS = Iu// i
3280 o 7¢,34HMAX InUn NUMBER OF ELEMENT NODES = 16 . - L
3281 7 7X,34HNURBEK OF STRESS OUTPUT SETS = I6 i g
" 3282 8 7%,34HK,S COUKUINATE INTEGRATION OKDEK = 16 /: 4
- 3283 9 74, 34HT COUKDINATE INTEGKATION ORDER  =Ic // 1: '
y 3284 3014 FOAMAT (S2HI3 /D 5 TO 21 NODE SOLIUD otLeE
3285 1 18H M ENT D ATaA, // 8H ELEMENT 2(2X,SHNODES,, 2.+, s
! 3286 2 SHMATL.),2X,GHSTRESS,4X,6HSTRESS, 2X,4HNOUE, 2(2X, SHGAUSS -, L4, -]
: 3287 3 2HK-,9X,3HLSA,3X,3HLSE,3X,3HLSC,3X,3HLSD, / N
ﬁ 3268 4 BH NUMBEK,7H -NDIS-,7H -NXYZ-,2X,SHTABLE,3X,4HAXES,2x, HUUTFUT, "
3289 S  6X,4HEKEE,2X,4HINC.,2(3X,4HFTS.),2X,6HMATRIX, 2X,4(2X, 4H-UK-1, >
3290 6 26X,3HNG.,4x,3HSET,SX,3HSET,S5X, SHTEMF.,2X,4H-KG~, 2X,SH-&, 5, 4, i~
3291 7 3H-T-,2X,oHKE-USE,ZX, 3(2X,2HN-,I2) )
# 3292 3015 EOKMAT (18,417,15,F10.1,1.,217,18,2X,416) A
: 3293 3016 EURMAT (844,8(2«,ZHN-,12),: / 84X,5(2X,2HN-,12) ) -
, 3294 3017 EORMAT (544,316, / 84X,816,:/ 84X,516) :
I“
n .
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3295 C .
3296 4014 FOKRMAT (33HOEKROKAAA ENCUUNTERED ELEMENT (,19,13H), BUT Larcll,
3297 1 21H TO KEAD ELERENT ONE., / 1X)
3298 4015 FORMAT (4ZHOERKOKAAA NUmMBEK OF DISPLACEMENT NOLDES (,I%,4Hs I[<,
3299 1 30H LARGER THAN MAXIMUM ALLOWED ¢,I5,2H)., / 1X)
3300 4010 EORMAT (40HOEKKOKAAA NUMBEK OF COORDINATE NODES (,I9,G6H: nuST,
3301 1 39H RE .LE. WUWBEK OF DISPLACEMENT NODES (,IS,2H)..

3302 4017 EORMAT (SoGHOEKROKRKAA [LLEGAL AATERIAL NUMBEK. )

3303 4018 FOKHAT (44HOERRORAXXA ILLEGAL MATERIAL AXIS REFERENCE.

3304 4019 FORHAT (ALHOERKORAAX ILLEGAL OUTPUT SET REERENCE.

330% 400 FOKMAT (AlHOEREOKAXX FEESSUKRE LOAU SET REFERENCE (,IS,an) [z,

3306 1 94 ILLEGAL. )
3307 4021 FOKMAT (1oHOERKOKARA THE ,I2,18H-TH ELEMENT NODE (,IS,4H. 1%,
3308 1 9H ILLEGAL.,s 1XJ
3309 40CZ2 FORMAT (2BHOERKOKAAK ELEMENT NUMBER (,I5,1}1H) IS OUT OF,
33190 1 10H SEQUENCE., 7 1X)
3311 4023 FOKRMAT (4ZHOERROKA&x NUMEER OF DISPLACEMENT NODES (, 19,
3312 1 25H)Y MUST BE AT LEAST EIGHT. )
3313 4024 FORMAT (4Q0HOERKRORAXX NUMBER OF COORDINATE NODES (,1%,
3314 1 25H) mUST BE AT LEAST EIGHT. )
3315 4025 FOKMAT (3BHOERROKAkA NUMBEK OF NON-ZERO NQDES (,I3,6H) KERL,
3316 1 SO0H DOES NOT EQUAL THE NUMBER OF DISPLACEMENT NODES ¢,
3317 2 12,2H) .,/ 1X)
3318 4030 FOKMAT (33HOERKORAAA AVERAGE TEMPERATURE (,F10.2,9H) FOK,
3319 1 10H ELEMENT ¢,I15,29H) OUT OF RANGE FOR MATERIAL ¢, I3,
3320 2 2H)., / 1X)
3331 4099 FOKMAT (12X,31HPRUCEZD IN DATA CHECK DNLY MODE, / 1X)
3322 C
3323 END
3324 ([i==========2Z==-= =T SC=SS2=ZZISICSRSSZIXSSCISSTISSSESSSSESSCSSSTSoSsSS-oTXSsS=Zs=s
3329 SUBROUT INE VECTKRZ (v, «1,7[,21,43,Y3,2],1ERKR)
3326 C
3327 C CALLED Br : INP21
3323 C
3329 IHPLICIT KEALABC(A-H,0-2)
3330 C
3331 C THIS ROUTIME EORm3 & UNIT LENGTH VECTOR AVk EROM POINT Alx
3332 C TO POINT AJx In £,Y,2 SPACE
3333 C
3334 DIMENSION V(3D
3335 €
3336 IERKk = 1
3337 X = £1 - XI
3338 Y = Y3 - 11
3339 2 =123 - 11
3340 XLN =DSAKT(XAX+TAY+ZAZ)
3341 IF(XLN.LE.Y.0E-0B) RETUkN
3342 XLN = 1.0 /7 XLN
3343 IERR = 0
2 3344 V(3) = Z & XLN
b 3345 V{2) = 1 % XLN
N 3346 V(1) = x & sl
o 1347 KRETURN
. 3348 END
v
\
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3349 Ex::::::::::::::;:;;:::::::::::::::::::::::::::::::::::::::::::__;:::::::::
3350 SUBROUTINE STInE

335 T5=0.9

3 RETURN

3 END

3 C

3 c

3 C§==s=z32czos0820 102 2820 12 LS8 SSS=SSZ 2SS SRSSISSSR=STSSERSsIocITizIniIEs
3 c SUBROUT INE TITInkE

3 C T - cunulaTIVE TASh Tink, KETURNED IN UNITS OF SECSHDC

SUBKOUT INE TTImECT:

INTEGERA4 FJel tlwe, tiwe

DATA qet tiuwe /20

CALL LIB%3TAT Tinkkrgetl time,time)
T = tiwe 7 10u.0

Lo
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KETURN
3 END
3 C&::::::::::Z::::_‘::::_’::’_-’:Z:;::::::::::::::::::::::::::::::LZ.“_‘. LIZ LTz
3367
5368 SUBEKOUTINE ZOLZw
3369 InFLICIT KEnL&Bina-H,0-20
3379 C
3371 © CALLS: <ZESOL,PKkINTU,5TKESS
3372 € CALLED by nnIH
3373 ¢
3379 C STATIC SOLUTION FHASE
3375 €
3376 COmmON Ay ! TITIIIN
3377 COMmMON /ELPAR, nP 14y ,nUNNE , MBAND ,NELTYP N1, N2, N3, N4, NS, nTUT, NEG
3378 ConmOM S0L © NBLOCK,nEGQB,LL,NE, IEILL(7)
3379 DIMENSTOH T 300u,G67,0040000) ,NX(3,200)
3280 Commonts CREL nlkED, ICK(9UG0)
3341 DATA WCibLo-as i ECIC IR Ararar)
33612
3383 laakk mIN. wiInballdn = § nbo+r Ginp3ird @ oalso check in SESCL Loutine I
3384 DIMENSION Tnali.Cul, e ’
33835 COMMON/TInT Tnal(c00,cuv),TCOLCEQO),TCAL2(G00), TCULMA(GGU ‘s
3336 LISTC600) , k(9000 7
3387 -
3384 dimenzion noe Zu0y 101400090 ,353ve 200) nipoe 2,000 0,
3339 . FORCHEUS, 200y JFORCL L, 2000, EGRE2(3,200) ,ENLEG 3
3390
3391 C
3392 KEALxs TTod.,tt.ubuiv:
3393 INTFE= 10v VINTLRkMEDIATE FRINTING
3394
3393 rewlrnd 5
339¢ resd (Gl t(rdun, L, sl nueng), 151,067 ' Jugqrees of fiocdow
3397 ¢ WRITEC(CS, < akx 1 - oarray 1n soleq AARAkAkk---
3398 ¢ do n= ].,numrlg
3399 ¢ WRITECL3,1028) 1dvn, 10,121,060
, 3400¢ ¢ ered do
3401 1028 formast (2.,20190
3402
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3903 xi4 T0 read data regarding

3404 ¢ nodes wnere forces to te found whose disp. 3re specified (Nb:
3405 ¢ % Jdouble node: along the crack propagation { NPAIR)
3406 read (3,%x) nb ! no of boundary nodes where forces 3are to (ouna
3407 IECINTPRLLE.Z) WKITE(33,4x) nb - ' ,nb
2408 ¢ -- 1nput node, deqree of freedom, displacesment
3409 J0 13)=1,nb
2414 read(S,x) nbcolry),1rav1yi,dsave(1))
3311 1 CINTFR.LE.2)
3412 WKITE(33,4) nhciij),1f1n{1)),deave(lj)
34913 end do
3414 ncrkd=o0
3418 LECINTPROLECZOWRITEC S, &0 "nade, 1x,ndof  nerkd, der (ndof ), 1z2tinceb ds e
3416 APCINTRR.LELCYWRITE 3, %) vy ,(adt1), 00 ,10=1,6),1)=1,1G6%
53417
3418 do ib=1l,nt
3419 node=nbc(1b)
3420 1x=1fix(ibo
3421 ndof=14{nodea, ix:
3422 nerkd=ncrkad+l
3423 iTCINTPR.LE. D)
3424 . WKITE(33,1029),ngde,1:,ndat,nerkd
3425 1wcrindof)=nerkd
3426 tstlnerkdi=-ncrkd
3427 1f CINTPR.LE. D)
3428 . WRITE(33,1029),n04e,1:4,ndof,nerkd,ier(ndaf),ist(nerkd)
3429 end do
3430 1029 format (2x,5:18,918
3431 if CINTPK.LE.1) WKITE(33,1028) (ICK(IJ),IJ=1,NEQ)
3432 if (INTPR.LE.2) WKITE(33,1028) IST
3433 1030 FEOKMAT (2x,I0F6.00
3434
3433
3436 re3ad (5,%) npair ! no of double nodes & the double node:
3437 IfCINTPR.LE. D)
3438 WKITE(33,4: “ mpiic = ' npair
3439 do 1pair=l,npair
3440 read(S,x)  (npoli,1pair:,131,2),(NX(I],ipair),11=1,3)
a4l 1ECINTPRLLE. 2
3442 WRKITEC(32,%)  (rpoCi,ipair,1=21,2),(nx(ij,1patr),13=1,3;
3443 do 1x=1,2
3444 nO3e=npcili, 1pilry
3445 d0 1y=1,3 ' d.o.f. at each node
3446 rejof=1d(node, 1,
3447 1tf(ndof.ne.V.and.1crindar).eq.0 3rndori(iy,ipair).eq.l) thnen
3448 nerkd=ncrkarl
3449 1er{ndof)=ncri.d
3450 1stincrkd) =rncred
i 3451 end if
- 3452 end do
b 3453 end do
E 3454 end Jo
:: 3499
A 3456
>
~}
%
: B-ud
oy

S S I ] B B R S AT L I T X L IR I SR -
q“ SO L . 1\ L SCRIC "- CRICE) W~ _'- ~" ¥ \.'_ o e .,';" “n n_’ ~.. -._ ~.. c‘. -‘. 'Jl '.’ -n ~ AL \.‘\ .-. NS S PR Y NN L
al L B Do el “ LRI Te oy -

[ AL I )
LataAl At AT e

| L

ol




e N G A Tyl P T NN NN NN LA SIS
\ &~
P
>
| :
3457 C
> 3458 C SOLVE EGK THE DISELACEMENT VECTOKS =
3459 C
34696 CALL TTInE(TI(1}) rl
. 3461 o
i 3462 C- Nl=1 -
X 3463 C-  NCKeD - TUTAL MO. GF ALDITIONAL COLUMNS 7
! 3464 LL=1+NCKKD .
3465
3460 NSBO=unBanl+l »ANLEQE v
k- 3467 NSE=(ABArD+ LLI ANy p
: 3468 C H3<NSE+ ] 3
) 3169 N3 U3 rLLANLQE R 2
- 34T NSBB=HEGEALLACZy vnbBanl- L HEQR) 5y
3471 [F(NSBE.LT.H3E) NSEL=n5k £
. 2472 A4=NGHNOLE
o 3473 nl = MBARDL + NEGE -1 "
3474 1fCINTPR.LEL 2 )
| 2475 CWEITECZD,x:  LL nbAND  NSB N3 NSBB N4 HI N1 N2 wso ~
; 2476 LFCINTERLLE.2) 3
1} 2477 JMKITE(33,10301) LL,nBAND,NSB,N3,NSBB,N4,HI ,N1,N2,N3
: 3478 10301 forwatils,1218) -
. 3479 rewind 15 B
b 3480 rewind 4 ;
. 3481 da 1)=1l,nblock .
» 3482 read (4) (aCIKy, IK=1,NSEO) R
3483 WEKITEC1S) «aoIJK), IIK=1,nNSBO) -
» 3484 end do
v 3439 CaLL SESUL iamls/,ald3:,AuN4),LL,NBLOCK,NEQE, NSE,n],4,3,2,55)
: 3486 CALL TTIMECTT (2
7 3487 NL=2 N
: 348 NL1=18 g
X 3489 HWY=LLANEGE v
3490 REWIND nNL K
3491 KEWIND MLl -
" 3492 [0 NI=1,NcLOCK N
3493 READ (NL, ¢A(IJy,11=1,1WV) N
3494 WRITEC(NLL) ACLT,,1]=1,0UY) -
3493 Exl [0
[ - 3496 :_
- 3497 WEITE«16: IaaT,tcol i
. 3493 d0 1palr-i,npatLr .
3 3499 nodel=ngesl, tpatry .
", 500 rodel=npct Z,1patr) %
o} 3501 do 1d£=1,0
3502 rdofl=1dinodal, 1df v
: 3503 ndofZ=1denadel, 1df) N
- 3504 iftndorl.ne.v.and.ndotilone Q) then -~
- 3505 terl=icr(ndorl: 2
3906 icr2=1cr o ndofl) N
3507 tflistirerllogtiGoandarst(icr2).aqt.d) distlierli=1storce i v
3508 gnd 1f 3
- 3509 end 40 4
! 3510 ernd do N
- v
b \
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write (33,ar = --- NODES - D.0.E. RELEASED ----

Jo 1tr=1,100
c3ll ttime(tisubil))
read (S,%) 1pl,1p3,1
write (33,4) 1pl,1pl,ix
if(ipl.eq.9929%.3nd.1p2.eq.9999) 30 to 1995
do0 while (ipl.ne.i)
if (1p2.eq.0) then
node=1pl
rndor=1d4(node, 1)
ifindof.ne. .0 tinen
icrl=1crindor)
1st{icrl =1crl
end if
else
nodel=1pl
nadel=1p2l
13f=1x
ndofl=1d{nodel,1dr)
ndofl=1d(nodel, 14f)
1f{ndofl.re.0.3ana.ndof2.ne.0) then
icrl=1cr{ndofl)
icr2=icr{ndofl)
istlicr)=1cr2
end if
ernd 1f
read (9,k) ipl,1p2,1x
weite (33,40 1pl,1p2,1x
end do

1 CINTFKLLE.2) tnen

WRITE(33,%x) ' ----- 18T ----°
WRITE(32,1028) (1st(1yi,13=1,ncrkd)
end 1f

REWIND la

READ (16) TnaT,tcol

do 1=1,ney

icri=sierity

istisistiicri)

ifticrrclesnbaardizstigt.0) teollicrid=tecollicrid+tcollcicrty
end do

do 1=1,ncrkd

isti=ist(1)

do j=l,ncrkd

1sty=1st(j)

ifGisti.gqt.0.3nd.istj.le.0) tecol(id=tcol(i)~THAT (1L, j)lAdsave]])
1f(isti.le.0.or.15t3.1e.0) TMAT(1i,))=0.
1flisti.le.0.and1stj le 0 AND 1stieq.istj) TMAT (1, 301,

end Jdo
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3569 end Jo )
3564 IFECINTPKR.LE.L) WKITES3, %) ﬁt
3567 . ' ---- ImAl,TCOL atter IST wanipulation----- ' ;
3308 DO I=1,NCEkKD v
3969 IFCINTPR.LE.L weITECS3, 10917 (ThMAT(I,1),J1=1,NCKKD. ,TCGL T, v
3579 END DO )
3571 do 1=]l,ncred :‘
3972 tcolac1)=0. o
3573 da J=l,ncird
3574 taatiiy, jo=0. oy
3575 end Jo -
3570 end o o~
2977 do 1=1,ncitkd o
35738 isti=iabstiatii Wy
3579 tealwerstys=toalmeratrsrrcal(y) i
32580 do0 j=l,ncrra Bk
3381 1st)=1sbsiizte gy, y
3582 twatw{istl, 15t s twatmerzty, 15t j)+THAT(2, ) e
3583 end 4o e
3554 erod do o
BNEN da 15,0006 i
3986 Adtwatwin, 1 ey.aus twatut1,12=1.0Q :l
3587 end do (1
3583 IFCINTPR.LE.L WRITE(SS, 4 © ---- THATm,TCOLm bLefore watii---~-~ ol
3589 DO I=1,nCknk i
3590 IECINTRFR.LE. L WwrITE(33,1091) (TMATm(I,J),J=1,NCRKD,),TCLLw [, ‘
3991 end do {
3592 o
3593 call ttiwe tronen 2y '.':
33594 ::.
3599 call MATIN twatm,Nevka, tcalm, 1, DETERM) "
3596 =
3597 call ttimeittsub(3)) E
3598 IECINTPR.LE.1) WKITE(33,%) ' ---- THATIm,TCOLm after matin----- : D
3599 D0 I=1,nCRKD N
3600 IE{INTFR.LE. L) WRITE(23,1091) (THATW(I, 30,351, NCRED) , Tourwt b W
3601 2rod 40 o
3602 40 1=1,ncrkd v
3603 1zti=1absirztind ;
5604 teol(rr=tooladiaty) Y
30035 pfiestind.le.tr teoluir=deave(l) ! disp }-
3600 end do )
3607 NW\=LLANEQE X
3603 kKewind nll N
S60 do ny=l,nelzeh-d i
3610 resd wnlly tavlygo, 121, Wy "
3611 end do -
3ul2 Jo n)=l,nblock N
3013 neonst=in)-1)kneyt
3614 read (nlly vavigyo, i)l nwy) k}'
3618 backepace nll i’
Sulu backspace nll T
3617 do 1=1,neqgb t,f
ielg blltncon.t:-an1y ﬁ::
;_‘1
b oo )

R
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N
3619 do k=1,ncrkd §}|
3620 nk=negqbt{k-1lirneqbitl ;:
3621 pi+rconsti=b(i+nconzti-alnk)iktcol (k) ;m'
3622 end do ]
3623 end 4o Q;
3624 :;
3625 IECINTPR.LE.L? WRITE(SS, &) =-- intermediate solution -- q:
3656 [ECINTPR.LE.1) WRITE(33,1091) (bl1j),1j1,neq: v
3657 -
5628 end 3o o) =
3629 do 131,neq a
3630 ici=icri1y b
3631 1f{1c1.me. 0 burisstogliviclld e
3332 end do L8
3633 ¢ WRITE(33,4s ° =--- final displacement solution ---- i?'
3634 ¢ WRITE«33,1091) (bl1)),13=1,neq! -
3639 REWIND nNL '
3636 00 NI=NELGCK,1,-! Q;
3637 NCONST=(NI-1)ANERE 1 W,
3638 NU=NCONST+NEGE-1 ~
3639 WRITE(NL) (B{(IJ),IJ=nCONST,NU) ;
3640 END DO ~y
3641 "]
3642 call ttime(ttsubi4)) i
3643 o)
3644 do 1=1l,neq ROV,
3645 r(i)=0. P
3646 end do .
3647 rewind 15 N
3648 do nj=1,nblock o
3649 [0 IJK=NSRO,MSE :ﬁﬂ
3650 ACIIKD)=0.0 ;u*
3651 END 10 24
3652 read (15 (3(I1JK),IJK=1,NSBO) F
3653 nconst=(n)-1Ykneqb s
3654 1320 3??
3659 J1=1+NCONST o
3656 do 1=1,neqb N
36597 13=1)+1 ”
3658 in=1+nconst g-
3659 rliny=r(iniesa(1))AbCan) y."_;
3660 end do o
3661 do J=2,nEnAND o
3662 da 1=1,neqb :i
3663 in=1+nconst wr
3664 Jjn=jtnconstri-l ;-,
3669 13=ij+l N
3666 rlar)=r(and+aCy JbAb () Lxl
3667 rljro=r(yr)+atjrab N
3668 end do AN
3669 ernd do iﬁ
3670 end 4o .
3671 ¢ WKITE(33, %) * -=---= r vector ----¢ oy
3672 ¢ WKITE(33,1091) (r(1)),1)=1,neq) by
B-58 v
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Correction ror tnermal cise --

To find the mechanicsl loads subtract the thermsl foads

frou K(k)

¢ It 13 3szsuwed no eaternil laad:z are applied at double rodes:
kewind 19

nsbl=rneqbiuband

de nj=1l,nblock

read (15) <atrji,1sL,n:035)

ncomst=in)-liAnegm

do 1j=1,neqgt

rirj+accnsrn)=riijrncansti~atnskbl+1j)

end do

end do
N=HUnNF

ITK1=1Tk-1

WRITE(33,582 ITkI

EORAAT «1nl, = 58533 STEP ¢ 7,14, © $$$8$487 715, 40¢1H ;. -

(98]
G-
~3 \J \J
Qo0 e

o1
¥ B o s B BN e &) IV S )

L L) Lo
AN i N o)
0

WKRITE(ZZ, x: ARKAARAKKARKAARAKKKAKAKARARAAKARARKKAA A KRR
WKITE(33,%, = ---- nULAL DISPLACEMENTS AND EORCES IN SGLin---
WEITE(GZ,a: ARKKKAKKKAKAAAKARRRARRKARARAARARRARAA A shns
WRITE(33,%x  * \rno mech. loads at the double nodes)’
WEITE(3Z,20034)

WRITE(33,2003%)

FORMRAT(/ 72X, 79 C1H-)

NAUX=1
00 SO0 nN=l,NUNNF
IELAG=0
00 250 I=1,3
Deli=9.
[i(143)=0.0
IECIDCN, ID.LT 1) G0 Ty 250
IONT=100, D)
IEdicr (IDNMIY .NE.v) IELAG=1
DOLi=R(NRU AL
GOI+2) =k (NAUX]
Nl =NaUX+]
;0 continue

IE. IATFE.LE. Johili IELAG.EG.O) GO T 500
WRITE (33,2004 o, b1, 1=1,0)

COMTIHUE

format oL.,0312.5)

EORMAT(ZK, 10,00h12.5

WKITE: Z5, lvvids

EORMATC2M, 0 NUGLE" |G, U7, 11X, "W 7, 11X, "W, 10X, "Exr 1o, |,
YOu, to'/Zx,"SC1H- 1

r
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WRITE(34,1048) ENEKG
IF (ITK.ED.2) UKITE(19,1049)
WRITE(19,1048) ENEK4

L4
;
)
Jl
.
3727 ENERG(1/=0.0 ;
3728 ENEKG(2)=0.0 gj
372 ENERG(3)=0.0 .
3736 DO IPAIR=1,NPAIK i
3731 NP1=NPC(1, IPAIR) -
732 NP2=NFC(2, IFALK) .
3733 pe 106=1,3 .
3734 ND1=ID(NF1, IDG) 0
2735 NOZ=IDKNFZ, 1DG)
3730 C- WRITE(33, 40 “MPY,NPCZ,MNDOL,NDZ 0Pl NP2, D1, ND2
3?37 C- WRITE(33,%x) "FORCI,& = ,EORCLUIDG, IPAIK),BONDY),BONDZ)
3738 rauEaxiidg, ipairy -
3739 IE(NDL.GT.O0LANDLNDZ.OT. 0 and . naun.ne.0)
3749 . ENEKG(IDGY=ENERG(IDG,-«FORCZUIDG, [PAIRIAB(NDI)+
3741 . EDRCLCING, IPATRYAB (DL rix0.50
3742 END [0
3743 END DO
3744
3745
3746 D0 IB=1,NB
3747 NPO=NBC(1B)
3748 ¢ bo 1b6=1,3
3749 idg=1fi:{1b
37 NDO=ID(NPCQ, IDA:
7 TE(NDO.GT.0) ENEKRGUIDG)=ENERG(IDG)-EQORCNRCIDG, IR)AR(NDO)40.50
7 c END 10
7 END DO
7
7 WKITE(34,%)
7 . 1 mmeee- ENEKGY KELEW3ED in ¢ %, y, = } directions ----- '
7
7

ool QoG Gl el ) LW W w WWw L
C-C G GG Gl LU LA N oen Lhen en o en

o W~ O O OIG U Wy O

7 1048 farmat (5%:,3(915.8,3x))

761 1049  format (Sx,7X,’X’,18%X, Y, 18X, ") ’
”? uRIIE(aq’k) f ZZRCCEZRITCZR2ISLZESSISESTCISSSISTSE=ISS=ITSSsIx=ssssas’
7 END IF

7 DO IPAIR=1,dPAIR

o NP1=NPC(1, IPAIK)

3766 NP2=NEC(2, IFALR)

3767 L0 106=1,3

3789 NDL=ID(NFL, 1D

3769 ND2=TD(NP2, IDG)

3770 EOKCLCIDG, IPAIK)=kinD1)

3771 FORC2(IDG, IPAIR) =K (ND2)

3772 ¢- WRITE(33,4) ‘NF1,NF2,ND1,ND2’ , NEL,NE2,ND1,ND2
3773 C- WRITE(33,%> ' 1DG,IPAIK, EORCL,EORC2’,IDG,IPAIK,FQKCICILG, IPAIR),
3774 T- . EORC2(IDG, IPALK)

377% END DO

3776 END DO

3777

1778 b0 IB=1,NB

3779 NFG=NEC(IB)

3780 B0 I1DG=1,3
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2791
2792
3793
2794
3795
3796
3797
3798
3799
3800
3801
33Q2
3803
3804
3809
3300
3807
3808
3809
38190
3311
j812
3813
2314
3315
S6lo
3317
3818
3319
3820
3321
3822
3823
3824

risinl
[ v PO

3826
3837
38138
3829
3830
Jo3l
3832
3833
3834

[

[y I or N ov

1985

2000 FORMAT /v 43H €S T AT IC SOLUT IO T I n. Laoa,

NDO=1D(nkyv, TDG)
FORCHE(IDG, [B) =k (NDO)
END [0

END DO

call ttrwetttsub 20

FRINT DIlaeLACERENTS

NZ=NL+NURIE &G
HI=HI+ORLL

LL1=1 e ARAKAAXA REASSIGNED AkRARAX

CALL PRINTD vrmunls,AiN2/,ACN3) ,NEQE,NUMNE,LLY,NBLOCK, NEG, o, .
Call TTIAE TT(1o.

COMFUTE ANl ERINT ELEmENT STRESSES

N2=N1+44LL1

N3=NZ+NEQELLLL

LE={MTOT-n3)/ (NEQ +122

CALL STEESS.A(NLs,Ain2s, A #3),NEQE,LE,LLL,NEQ, NBLOCK /
COMEUTE TIaZ L3G FJK THE DOUBLE NODES SOLUTION FHASE

0o K=1,:
Lttsub(ky = vhaubibreli-ttsab(K)

end Jo
IEVINTPKLLE.C) WEITE 33,198%5) (ttsub(Li,L=1,4)
formst«o., tiwe for twalu formation =',18.2,
S0y tiwe for matin =, f8.2,.
iy time to rind g9lobal disp. =/ ,18.2/
Sy tiwe to rfind global nodal forces =/,f3.2/,
ersd Jo b1ty

contirue

Call TTIREATT(4:.
COMFUTE TInE LOG EOK THE STATIC SOLUTION FHASE
L0 SO hel,s

TTivy = TLov+i~-TTG
WKITE (24,2009, (IT¢L),L=1,3)

1 ‘34, JIREGUATION SOLUTION =, £8.2
z SAyclHDISPFLACEAENT QUTPUT =, E8.2
3 Ga, JIHSTRESS KECOVERY =, £8.2 /3

RETURN
RETUKD
EnD
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l 3336 SUBKOUT INE SESOL
o 3837 .(A,B,HAXA, NV, NELOCK,NEQK, NAY M1, NSTIF,NRED,NL,NK) ¢
e 322 IMPLICIT KEALAS(A-H,0-2) Y
P 3339 !
3340 realxd tt(lo) n
334l € CALLED BY: 3OLEQ ~
3342 -
i 3843 COMMON /ELPAK, MF(14),NUMNP,MA,NELTYP,NZL,NZ2,N23,NZ4,N5,nTUT,HEQ &
- J544 COMMON/CRE/NCKKD, ICK(9000) I NEQ .
3845 o- DATA ICK/0,1,2,0,0,3,90,4/ tchange CYT,CYT2 line slso o
1546 c- DATA IST/-1,-2,-3,r4 | IST(NCRKD) "
3847 o~ DATA DISF,2.0,2.0,2.%,0.7,640.0/ IDISE . NEQ) 2
2348 COMMON/TRT/TnAT 500,500, TCOL(60G), TCOLZ(660) , TCOLM(GOC !, E
3349 LIST(600),K(5000) 3
3850 DIMENSION A{NAYS, Euial) , nAXA(HT)
583 call ttimevttoly} J
i 3852 INTPR=100 ;
3853 LfCINTFR.LE.Z)WKITE(33,4) 'NV,NELOCK,NEQE,NAY , M1, NSTIE ,WKEL, AL, dk - p:
3354 1f CINTPR.LE.Z)WRITE(35,1029) NV, NBLOCK ,NEQR,NAV,HI,NSTIE HKED, AL, K h
3855 1029  format(2:,1218) B~
3856 ;‘
385 if CINTPK.LE.2) WRITE(33,1028) (ICK(II),IJ=1,NEQ) oy
385 1f CINTPK.LE.2) WRITE(33,1028) (IST(IJK),IJK=1,NCEKD) o
3899 1028 FEORMAT( 2X,IZ0I14) N
3860 1f CINTPR.LE.2)  WKITE(33,1030) DISF i“‘
3661 1030 EORMAT .2X,ICEG.3) P
3362 MM=1 NG
3863 MA2=hA - Q}
3364 IF(HA2.EQ.0) nA2=1 NS
3865 INC=NEQB - 1 N
3866 NWA=NEQBAMA i?
3867 NTB=(MA~2)/NEGE + 1 T
3363 NEB=NTEANEGE o
3369 NEBT=NEB + NEGE ’ ")
3870 NWV=NEQEANY %
3871 NWUV=NEBT Aty 7
3872 o
3873 N1=NL e
3874 N2=NK RN,
3875 Lf CINTPRLLE.Z) AN
3876 JWRITE(33, =/, fu,wsl,inc,neqb,nwd,ntb,neb,nebt,nuy, iuwey T
3877 1 CINTFR.LE.2) e
2878 LWKITEC3S, 1929y, ww,wil,1nc,neqb,nwa,ntb,neb,nebt,nwv,iw. v ‘®
3879 KEWIND N3TIE s
3380 KEWIND NKEL R
3881 KEWIND N1 oy
3882 KEWIND N2 N
3883 N
3884 LECINTPR.LE.Z)  WRITE(G3,x) * NAY =’ NAV LAk A ‘o ]
3885 00 11=1,NAV | Ak & P
3886 aC13)=0, P NS
2887 BCID)=0. FTT e
3888 END DO LkAK AOASy
B-72
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’
o
3539 N
3399 )
3891 k4&x Taking tioe np3lr ceerfts. giot 3nd placing 1n 3 vertolal .itlit. ’
3892 C- NCRKD - TOTAL nO. OF AGDITIONAL COLUMNS o
3893 IECINTPR.LE.1} WKITE(2Z,%)’ IE,3B,I,3,I1CI,ICI,1d,1IC3,Jicl,m ids NG
2594 NO=NAV-NCERDANEQRE i
3695 D0 I=1,nI 4
3396 00 J=1,NCERD s
389" [I=T+eJ-1:an!
3393 BiIds=0. b
3399 END [0 o~
3900 EHND [0 -,
3941 00 NI=1,uiLGih 7
3902 )
2903 D0 J=1,0(k0 5 ]
3904 [1=(1-1s4an1 =
39505 INJ=NEGE+. J-1 . ant o-)
3906 00 I=1,nn-! v
3907 1J=11+1 b
3903 INI=InIe) -
3909 BiIdd=b fn) )
39190 END 0D o
3911 EnD [0 o
3912 ]
3913 da =l 00 g ,'
3914 LJmaty j=isAmi -
3919 d0 1=ma,ul '.,
3916 beiy)=40. EN
3917 1j=1)+1 .
3918 end da y
3919 end 1o I~
3920 -
SR i
3922 READ «nZTiEs +acld, 11-1,000 . o
3923 NCONST=NEGEAti -1 -
3924 D0 IE=1,NEUb .
3925 Lo Je=1,nn o
2926 [1=(Jb-1)anEQb+ LB e’
3227 1= IE+NCONST L
3923 J=JB+rleunsTr Ik -1 >
3929 IFr T Laviba Al I LE . eEws THEN -
3930 ICI=ICK! 1> B
3931 ICI=ICKd) N
3932 J2=1k+ie6-1 “
3933 JZICI=d2eCiCI-10am] L
3934 [BICI=16+ [CI-1. 401 o
3939 IFCICI.HE.0 BeJ2ICT =010 N
3936 IFCICI.NE. Uy B 1BICT =R (11) .
3937 Oy
3933 IECICI.4E. o.anD. 221 NE. 3 THEN MO
3959 TMATCICE, [0 =h 1 [ﬂ
3949 TMAT ICT, 100 A Ty 7
3241 J2ICI=J2+ 0 ICT-1 wn] N
3942 BECI2ICT =0, %
oY
i~ L3
LY
L 4 :'\:
o
R I SN NN I AT NI ‘ T e e N P
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LIRS
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LI WL RRPONURY GO CF R SN

3968
3969
3970
3971
1972
3973
3974
3978
3976
3977
3977
3960
3981
3982
3953
5734
3985
3986
3987
3985
3969
. 7190
3991
3592
3993
3394
3995
1996

;
4
»

v v

- v - -

1013

101%

TAT T TR VALY

IRICI=1B+(1Cd-1)anl
BCIBICI:=0.
EnD IF

IECINTPRK.LE.L/ WRITE.SS,1uis:iE,I8,1,3,1C01,1C03,1]
FORMAT(2n, 215,800, 5
IECICI.NE. v UK IC L iE. v
nil11r=0,
[E<I.EQ.J.
END IF

el IF

gnl 00

EnD LDQ

Tried!

avbde=1.

f1)=neqbima

3o 1=1,neqb
fil)=n1j+l
1cr=icrlrtndonst
1f (1ci.ne. 9 then
teolticir=3stny )
3(n1j)=0.

end 1f

end 3o

NIJ=nND

00 J=1,NCRKD
pQ I=1,NEQb
NIJ=NIJ+1
11=1+(J~1,anli
ANTI)=BLI]

END [0
END DO

WRITE(S3,~r Nl= N1, keorgered A -nATKIX
[ECINTPR.LE. L) then

g [=1,NtukE

Ia=uNI-1ANEGE ]

WKITECZS,1019) (Aaclly, 1J=1,NAV,NEQB)
FORMAT (LA, 1 F9. 20

END U0

ernd 1f

WEKITE(NL) A

END LO 20 IR R
KEWIND nl
SEWIND HETIE

bb NJ=1,NPLOLK

REnll (H1) n
MEITE(NSTIE . w
END DO

-" -, -\‘.{s.
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4000

Jouvl
ST
1003
1004
RNV
e
VIV
1.0S
1009
10lv
qull
qulc
10135
1014
1019
401G
4017
IVRAR
1019
4020
102l
1022
Jul3
1024
RV I
1020
4027
1923
4Ly
1930
15l
o3l
1033
du 4
1039
4250
fus?
1033
1039
3040
1041
1242
1043
1044
1045
1040
1047
1043
R

P
oLl

LXK

29

1

100

ArAk

b—

un

IECINTRPR.LE. D
WRKITECSS, &

DO I={.n0CEn
WRITECZS,1u19)
END [0

end 1f

tihen

-=-- Taal

vtralol, 30,321, NCRKD),TCOL. D)

e
—
[ ]
2]

L ) N . -
call Tliwe . wl. 2.,

Nawn Laop eI ool Llodr

KEWIND

VN
N
Al bl

Ul guv L, HELOUE

PO
feg+

[E «NI.NELL) 6o (g dv
READ wnd3Tloy vmo 1y, 0ds
IECINTFR.LE L. WwEITE-Z3
IFCINTRRE.LELL ) WRITE(S
FORmaT 22, il0l1.4:
IECHEQ.GT. L 00 TO luv
MAXALL =]

WRITE(HEED,

IE(ACL )

k=1

IECINTPE.LE. L

LU S L=1,n

Aall+Llr=a oLy, AUl

hE=1+NY

WKITE(NL.

rETUKN
IFE «NTL.EG.1)
KEWIND N1
KEWInD nl
READ nly v I, 13=1,NAY)

1o InTks.LE L) WEITE(SS, &
IECINTFR.LS. L) WRITEC33,10207

i, HAY)
Jhk1 INJ=7,NT, 7 A -mAaTk D¢
(AT, TJ=1,NAV,

3,1220)

I PN

1,174,0
WEITL«33,1010)0 KK,ACL)
CAVKK D RE=D, ks

LU TO Luew

NI=' \N., A -
(ACTD), 1J=1, NAY)

MATR'

CcONlinue
IECINTP o L Ly We [TEY 23,80 * BEFOKE EINDING CULUnN HELunis
IMX=NEGE A nA+nNY)
IECINTFR.LE. D WRITET ST, «
00 [=1,ntak
IECINTERLLE LY
Ins=Inard

EnD [0

Firnd columia Nel poth
kuU=1
PA=MIHC cnn, HEdh )

Maimtd

"HEQE,MA,NU, IMX’  NEQE, A, 1Y, Lo

Wi ITE023,10200 (ACID), 1J=1, IHX,NEQE
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IV DG 110 N=2,M1
4452 TEO(NL.LE.mA) THEN PARK
STV KU=KU + NEQE
1S4 hK=KU
159 nr=MINOIN,KM)
ST ELSE PAAR
457 KU=rU + 1
1058 v =HU
1.59 IF ‘. LEJ.NEQEY G0 Tg 14y
SV an=nn -1
vl Exll IF VREA
el L0 160 K=1,ni
1003 IE tAalKR)) 1lo,lew v lv
1064 Inu K=Kk - INC
iWey 119 HAXRAINT =KK
1hen
1067 IE «A(l)) 172,174,176
103 174 FE={(NJ-1)ANEUE + 1
1769 IFE (KK.GT.NEQ) GG Td S9v
1970 TECINTPR.LLE.LY WKRITE (33,1000 KK
1971 STOF
1072 172 KK=(NI~1)ANEQE + I
1073 (-~ IFCINTPR.LE.D) WRITE (33,10100 KK,A(Ll)
1074
1075
176G kAkAA Factorize leadiny blaock
4077
1078 176 U0 200 M=2,NEQE
10779 NH=RAXA(N)
1080 [E (NH-®o) 200,200,210
1081 210 FL=N + INC
4082 K=N '
U8 0=9.
1794 DO 220 RE=HL,dNRH, InC
1uol K=k -1
ivge AKK =/ UKE)
1057 C=AKK/A(K)
1338 U=0 + CAARK
ugy 2ol ACKE) =C
4090 A(NI=A(N) - T
SRS
3092 IE (ACNy) 222,204,239
4003 224 RE={NJ-1)ANEQR + N
1094 [ (KK.GT.NEQ) QU TO 90
1099 IECINTPRLLELL) WRITD ¢33, 10vws ki
1096 STQF
4097 222 HK=(NI-1)ANEQE + W
4098 L -- IECINTFRL.LE. L) WKITE 2 3o, 101vs Bh,acd)
4099
4luvg 220 IC=NE Ik
Hlul DO 240 J=]1,mi2
E Al102 Al=MALA(NET) - (L
; 103 IE (RJLLE.N) 6D T 24y Uk
E 4ivd KU=HTidon], NH Lkix
}
)
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1129
1130
4131
31322
4133
1134
1135
1136
1137
1138
1157
A1 40
1141
4142
H133
4144
1149
1146
4147
4148
4149
1159
1151
1192
4149
4154
4199
1196
3157
1158

__,(l\,r" -\ N

300

240

1

L
«
<

20C

Lt

1205

Akkk

C-

e
e
v

L]
-i
-‘

N

- w

v
L WS SN

Kn=pn + [C

C=90.

[0 3¢u kh=nl,nu, [dC
C=C + nlkiixAvth+]I0
ACKNY=a (kN - ©
IC=1C + NEGE

-z 5y

H=N + NUA
[0 439 L=l,nV

kI=t

£=0. :
00 449 Kb=ni,iH, Lud —_—
Kl=rJ - 1

C=C + Akl aathd)

AlHY=A(KY - C

K=K + NEGE

CONT InuE

IECINTFR.LE.Y WKITECSS,x) © -- AETER FACORIZING LEADInG ElLuu:
INX=HEQEA nA+nY.

D0 I=1,nEGE

IFCINTFRLLE. L WRITEVZS,1020 (ACIZY,13=1, IMX,NEGE,

Inza=Ink+1

END DO

FORMAT Coq, Lus 2y

Carry over 1ntd triarling tluacks

D0 400 NK=1,0Tk
IECINTFR.LE. 1) WKITEC3S,x: “NI,NK ‘NI, NK,’ E- MAT
IF CiNK+nNI7.GT.HELOCE) GO TO 400
NI=N1
IF ((MJLEG.L: . 0K. (NK.EdiTE) ) NI=NSTIE
KCAD (HIG ko110, 1321,

[Eelaelék LE Ly WRITEC33,102¢) «BUI1),11=1,NAY
AL=HHKANEGE + 1

k= ING (b~ aEGE, Nl

Ieimn. 2001 nb=nk

ni=nl - nt
HFL=HEQR + (b=l ANEGUEANEUE
=l

[ Su¢ n=nbk,nk

NH=MAZA (M) -

WL=KL + NEGB -

IF (MH.LT.LL: Gu 10 9u8 T hAK -

b=HEQL o

=0, et
[0 520 ti=tL,iud, Lot

C=h(Ehy A S

DD ¢ Caa by 5

.‘4
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L
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4139 (kKD =C
Lo Sav K=l - 1
1161 B(N)=B(NY - D
1162 IE (MU.LE.CO/ GU To S&0 Lhkk
4163 [C=NEQR
1164 00 540 J=1,n0
1165 nl=aXAa(M+I+ - IC
1160 [ (nJ.LTWKL)Y G0 TG <av {RAR
3167 KU=MINO (NI, NH)
1168 HN=N + 1IC
4169 C=0. .
1170 B0 979 KK=kL,ty, INC —
41171 $78 C=C + A(RYAARRY [T
11772 BOKNY=B(KN)Y - ¢
3173 940 1C=IC + NEQGR
1174
1175 580 KN=N + NWA
1176 {=NEQK + Nun
4177 D0 610 L=1,nV
1178 K=K
179 £=0.
4189 DO 620 KK=KL,#H, INC
1181 C=C + ALKKIAALRD
4182 £20 KRI=K1 - 1
4183 B(KN)=B(KN) - C
1184 KN=KN + NEQGH
4185 10 K=K + NEQE
4166
1187 S09 no=M - 1
4138 400 N=N + 1
118%
11496 IF (NTB.NE.Ll: 50 TO SCG0
1191 WEITE (NKED) &, mARA
1172 Do S70 I=1,0aY
4193 57¢ AT =R
1134 nd TJ &0¢
11709 Sov WRITE (N2) o
11945
1197 g CONT [HUE
3193
; 4199 n=n1
. 4200 N1=N2
- 120l N2=p
s 42¢2  59¢ WRITE (NREL a,n024
;‘: 1203
}, L IIVE STYVIV. CONTINUE
f: 4209
N 1206 call ttimettt oSy
& 4247
'Y 4503 kkkA Vectar back- _ubowitutiun
R 4209
, 4210 DO 740 K=l NuWsy
” 1211 700 BOR)=0.
~ 1212 KEWIND NL
A
)
K b~ ,
LN - . -
B e R IR N
A TR RE G IWE W WA .'./\.r:.r:‘ '.r"'a.‘.r'.f A A A
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-
. 1213
S 1214 DO 300 wd=1,NBLICK
1219 BACKSFACE NEED
; 1216
0 1217 KEAD (NKED) (aIJ),I1=1,NaY0, (HAXACI),1]=1,nD)
v 4213 o-- WRITE(33,4)  Vector back sub. NI=,N],’ A= MATY
) 1219
b 1220 O~ IFCINTFALLE. L WEITE(LZ,1020) (A(117,1J=1,NaV)
: LS} EACKSPACE HFEL
a 1203 K=NEET
< 3023 G0 81¢ L=l,nv
X 1224 DO SIv I=1,NEB
N 20g K i=bor —iGu:
K- 4115 820 K=k - g
42507 310 K=t + NCRD ¢ NEER
122 K=
1229 nhE=NWA

: 1220 D IE=NEUE
p 2751 IF (NJ.Eu.l, NUiF=8EQE - (NBLOCKANEQE - NEQ)
‘ 1232 00 855 L=1,NV
1233 00 250 K=1,NDIE

~ 4234 250 BUKMN+RI=A KK+ Ay
\ 4239 KK=KK + NLQB

: 41236 395  KN=KN + NEET
" 4237 IE¢ms.EQ.1) Q0 TO 91%
U 4233 ML=NEQE + 1
1239 KL=NEGE
4240 00 36¢ m=nl,nl

v 124l KL=KL + NEUE

. 3242 KU=mAXA LA

Y 4243 IF (KU-KL) &ou,570,870
, 4244 370  K=NEQE

‘ 1245 KH=n

- 1240 D0 880 L=i,uY

" 4247 K=k

- 1248 IG 590 KK=wL,KU, INC

Y 1249 Bubdy=bukdy = AihEosBoEA
b 1254 90 KIsK1 - |

‘ 12491 hi=hm o+ DERT

- 4252 5:0 K=k + MEEBT

: 1293 360  CGNTInUE

: 425 MN=NEGE

g 1295 D0 910 1-Z,dEGb

: 4256 RL=N r I

' 4257 HU=MAAA

: 3258 [E kd-nLl: 9lu,220,920
. 1259 920 K=N

X 21260 DO 9Zo L=l,nv
» 1201l Kl=k

X 4262 00 94C tho=rs,r U, Iac

‘ 4263 1=kl - 1

i 4204 9490 BRI b bl = A bhoabo ko
¥ 4509 930 hsb v dERT

g 1o L0 Nedl -

¥

2

'




4267
1208 915 KK=0

3269 KN=0

427 B0 950 L=1,nV
4271 0 960 K- ,NEuUb
4372 KE=KK + 1

4273 960  A(KK)=B{(KN+K)
1274 299 KN=KN + MEET

3275
1276 WEKITE (NL) JAGK) ,K=1,NWV)
4277 IFCINTPR.LE.l) WRITE(33,%) Solution --7 :
1278 IFCINTPR.LELL) WRITE (C3,1020) (AR ,K=1,NWY) —_—
4279 300 CONT INUE
1230
1281 231l ttime.ttid))
4282
1283 Akkk Ta find y - vector
41284 do i=1,ncrkd
1289 tecolZ2(1)y=tcol{)
1.86 1flisti1).1e.0) tcol(i)r=0,
4287 end do
4288 rewind nstaif
31239 backspace nl
1290 nel=neqbAms
1291 do n)=l,nblock
3292
4223 read (nstif; 3
4294 nlj=no
4299
4296
4297
41298 read (nly (B(1)),1])=1,nwy)
4299 backspace nl
1300 backspace nl
1301 nij=neqbkiny-ncrkd)
4302
4303
1304 NIJ10=NO
1309 NIJZO=NEQBA(NY~-NCRKD:
43006
13507 do J=1l,ncrkd
4308 dg I=1,}
4309 taux=0.0
12190 HIJO=NIJ10+(I-1)ANEQR
3311 NIJ=NIJ20+(J-1)ANEQER -
4312 do0 k=1l,neqt -9
4313 NTI0=NI110+1 3
1314 NIJ=N11+1 ]
1315 taux=tawc-aNII0 ABINTD R
4316 end do g
4317 tmatia, yo=tmatiy, jrrtauu -
1318 end do »
1219 ernd Jdo g,
4320 do J=l,rncrk g 2
59
'
.
B-80 S
)
{:"
NS =

\' -~ ‘hh N
LT IS NS



L VO RS A T RTINS W B W W T O NI T T AT AT AT s e Uo0ad Saf S SRt o) Sl Aal St Bt A Nal inl AR5 40 Sall Sithe " photak -.--
29 X
"
)
o] '
’ i
Y 4321 dg 131, 3-1 )
" 1322 tmat{j,1/=twat(a,
1223 e o
1324 end Jo
I
. 432% :
. 4326 d0 1=l,ncrka r
. 41327 tap=g Lo ;
N 1323 NIJO=NIJ1O+@1-13ANEGE b
’ 4329 do k=1,neqc
' 4330 NIJO=NI10+] -
4: 1531 taux=tanea vl [I0) sBuhd
"y 4332 ard do A
A 1333 teolir.=tooliiint yn 3
oy 1334 end do
1239 IPCIHTFGLLL. LY toen
N 1336 WRITE(SZ, &) ---- TwAT,T20L  towards end -----
B 4337 00 I=1,dChnD .
;: 4338 WRITE(33,1091) (Inmalel,d),3=1,nCRED),TCOLCT) j
; 4332 1091 format . 2:,8312.3
: 1340 END DO .
1341 end 1f
e 1342 ”
N 4343 end 4o ' ong
Y, 4344 call ttimerttiS, >
o 1345 1f (INTFELLE.2) WRITE-C23,4)  TIME LOG IN SESOL --~----- )
. 4346 do k=1,4 ]
by 1347 tt{ki=telbvl)-ttuk)
} 1348 end do
e 4349 1TCINTRRLGLEL 2 WRITEC33,999) (tt(l),1=1,4 o
? 4350 99% formatitlvs, Time to torm matri-: for gouble nodes etc.= ,135.2, 2
- 4351 . S10w, Tiwe to decompose A - m3trix =, r8.2, y
- 4322 . A10w, "Time for vector back substitution = ,18.2, "y
4353 . S0, Tiwe to form TMAT =, rB.l
43549 1000 FORMAT .. 40H 5T0F x4k TEED DIAGONAL ENCOUNTERED LURIAG, K
‘N 399 1 1EH EQUATION SOLUTION, / o3
. 1596 2 154,184 EQUATION NURBER =, I& ) -
; 4357 1010 FOKMAT ¢ SOH WAKNING Ak  NEGATIVE DIAGONSL EH{COUHTEREL Dok Lid, ;
. 1353 1 16H EQUATION SOLUTION, /
- 399 Z 134,18H EQUATION NUMEER =, 16, TX, THYALUE =, Elv.:
b 43690 -
-, 1361 KETUkW 2
" 1362 END 4
:‘ 3360 (C3==zc=s=-coc=x2o2:00: 22322 C iUt 4CCSEESSSSSISSSSISSSSToSTSSTSSTIoSS=SooS..nooIaz ]
- 1364 SUERCULINE maTIN:a, i, 5, n, CETERM)
. 4369 InPLICIT KEALAS <(a-H,0-2;
: 43606 DIMENS IO AvcdU,cuus,BC(600,10, 1PIVOT(60Q), INDEX(GO0,2), 61 vy .
‘: 4367 EQUIMALEACE «IRUW,JRLW), (ICOLUN, JCOLUM), (AMAN, T, SWAPR) b
: 1368 LETEkn=1. ‘
. 4369 do IV I=i,d ;
- 4370 20 IPIVOT (=05 ﬁ
4371 do 950 -1,
1572 ARMALED L0 :
:: 1373 :
J} 1374 do 10% ] ].,A‘ \
o )
A
wt \
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4379 IECIPIVOT(J)-17 60,105,060
3376 60 do 100 K=1,n

1377 IFCIPIVOT(K)-10 30,100,740
1578 S0 IE(AMAX -DAES(ACI,K))) 25,100,100
1379 35 IROW=1]

1280 ICOLUM=K

1381 AMAX=DABS (AT, K) )

4362 100  CONTINUE

4353 105 CONTINUE

1354

1395 IPIVOT(ICOLUM, =IPIVOT ICOLUR) +1
4386 IE ¢ IKOW- ICOLUMS 140,260,140
4287 140  DETEKM=-DETERn

4388 do 200 L=z1,N

4359 SWAP=A(IKOW,L .

1390 &CIROW,L)=a ICOLUM,L

4391 200  ACICOLUM,L)=SWAF

4392 IF(N) 200,260,210

4393 210 do 250 L=1,n

1394 SWAF=B(IROW,L)

4395 B(IKOW,L)=E(ICOLUA,L)

4396 250  B(ICOLUM,L)>=SuaP

4397 260  INDEX(1,1)=IKOW

1393 INDEX(1,2)=1COLUN

1379 FIVOT=A(ICOLUA, ICOLUN:

2400 OT(I)=FIVOT

1401 A CICOLUM, ICOLUAI=1.0

1402 40 350 L=1,d

4403 350  ACICOLUM,L}=A(ICOLUM,L)/FIVOT
4404 IEh: 330,389,360

4405 360 do 370 L=1,n

4406 370  B(ICOLUM,L»=B(ICOLUM,L)/FIVOT
4407 380  da 550 Ll=1,A

1408 IF(L1-ICOLUM) 400,550,400

3409 400  T=A(Ll, ICOLUM)

4410 ALY, ICOLUAI=0.0

1411 10 450 L=1,N

4412 450 A(L1,L)=a(Ll,L)-&u ICOLUA,L)AT
4413 IE(H) S50,550,460

4414 460 do 3500 L=1,i
4413 500 B(LL,L)=B(LLl,L)-BCICOLUM,L) AT
4416 S50 CONTINUE

4417 da 710 I=1,n

4418 L=N+1-1

4419 C-~  DUETERM=DETEKAADT (i,

4420 IFCINDEX(L,1,~INDEX{L,2)) 630,710,630
4421 630  IKOW=INDEA(L,1’

4422 JCOLUM=INDEX(L,2)

1123 40 705 K=1,N

4424 SWAF=A(}, JROW)

1429 ACK,JKOWI =411, JCOLUM

4426 ACK, JCOLUR) =5UAP

4427 708 CONTINUE
4428 710 CONTINUE

npna -
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do 11 k=1,d

IECIRIVOT (v unE LY G0 TO 12
COHT INUE

KETURN

WRITE(SZ,%9%1)

FORMATCluk, anTlh il [T D5 INGULAK
RETURN
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1
T e b itk
3 V-- THIS IS FRULkam FUEK FLUTTING 3-0 GRAPHS USING TinFLnIL
i -~ ROUTINES. rkOm TiE uwUl GF KSAF II, THIS FROGRan CAN
S 1-- SORT OUT STELSSES mnl COKRKESPONDING COORDINATE LOCATIOf-.
G V-- THE STKES3:5 aat b SCaLED CONVENIENTLY AND EYE
7 == COOKDINATES CaN KE THOSEN TO ORTAIN DIFFERENT SIZES OF
g t'-- THE SAmE 5-L vLUT.
§ § mmmmmmmmm e mm o m e e Smememmo—ooo-oooses s
19 DIRENSION A% ewud.iidv:.2040,400,5TKRESS(159,19,6,192.
11 CWORK(SZO0:, iTeE o Lowo v P ENS Q) JWIV (8]
12 QIMENS [UN nEADLT
L3 CHAKACTENALD Flilicnn
14 INTCRCR ST
19
16 DaTa 1U/%/ . iou, 7 loat 5.9 0UTEIL/8.0/7,FONTEIL L1 20
17 DATA PONS/), o aut, 0]
18 DaTA LOKTHU, P EL, LA, o0 L. 30.0,58.0,8.0/
19
20 WKITE (S,a/ ENTon EILENARME'
21 READ (5,355 . Fllnan
23 955 EOkmAT i)
23 OFEN(UNIT=1GD, FILE=FILian,STATUS="0LD")
24 WRITE(IO.As U:SCKREEN.L:PKINTER,2:PLOTTIER”
258 READ(I0, A LOEY
25 REAL (IOL,22),wnEnbully, [=1.0)
27 22 FORMAT(1X,Chq)
-0
2 KEAD (I10DL,A) nWGLEs,wLUC
30 IF (NLOC.NE.l)CaLL SOKT21¢RAL,IOD,XX,YY,NX,NT,STKE,nnades, 1oy
31 IE (NNODE3.5G.210 a0 TO 899
wl 1T (nlac.ne.l) ac to 899
33 READCIOD, A i NX, Y NL
34! WRITE(S, Aink, Y, L
S READCIOD. A » (XX Ty, 121 ,HX)
Jo ! WRITE(S, A XU 120,040
37 READCIOD, Ao UYL, [=1 . NT
RIS WKITECS, < tl, 1=1,00)
39 re=nse=1
10 fiy=ry -1
11 READCLIOD, 7009) v STRESS (T, T,K, L), R=1,6), I=1 NXD) ,J=1, N7 L Lk

42 7000 FORMAT(254,cElY.4y

43 ! WKITEC(S,7vuoi vy CesTRESSCL, T, R, Ly, K=1,56),1=1,NX),
14 ! L1=1, MY, L= Hb
19 29 WRITECLO,~+ "ENTER ZTRESS § LAYER #7
46 KEADCLO, A = 1],LH
47 ! WKITE(S, &0 1], L
48 K=0
19 po J=1,n1
90 D0 I=l.nx
%1 R=k+]
52 STRE(K)=SYtkewo ¢, )yald, L)
53 Enb IO
54 EnD DO
-1
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B Tt e e e AT s T T T A W T T T TR TR n Ay O T O 2. a*ia, LS, 4

. .
i LS,
q
] 59 |
y 36 ¢~ finding stress location ccordinites..
: 57 co-- from rodal coordinates for 8 riode eloment.
S8 do 1=},nu
] 9 if (i.9t.17 ae(id=Cmiirnniii=-1)3.2. p
GO end do "
s Gl wrlr) =00 1) s
:l wl do 1=1,ny
-
i 53 1f (1.9t.1) pyCud=dyyiideyy(1-1Y)r2,
* G4 end do 5
55 yyliny)=yyiny+l) i
L] o6 /-
: h7 599  CONTINUE )
r, 58 NANY=NX AN
y bl SMAX=-1.0E+30
- 70 SMIN=1.0E+30
7 U0 I=1,NXNY :
¥ e IFE (STKRE(I).GT.SMAAL) SMAX=3TRE(ID) By
! 73 IF (STRE(I).LE.SMIN) 3MIN=STRE(D) o}
y 74 END [0 N
| 75 WRITE(S, &3 ‘SMIN= *,SmIN,’ SHAX= *,5HAX ;
TG 10 WKITE(I0.x) "EYEX,EYEY,EYEZ"
A 27 REAL(I0,A)EX,EY,EZ
1 7g WRITECID.4)'TYPS SCALE EACTOR-
W A KEADCIO, &) FACT b
20 00 I=1.Mxuf
S ER STRE(1}=STKE(D) /EACT W
’ B END 1D
. 83 DO J=1,0Y N
N 34 I1=1+{J-1) 4N :
A I2=11+N%~1 3
) S I11=0 -
< 37 o I=11,12 !
. Rp I1=11+1 .
39 O, 10 =0TRE O )
$ RUR Enlt L0 .
- o0 WYITE (65,40 (STKECL/ D=[1,1 N
" LS MEITD £85. k) mmmmmm i m o m o msmmmeme h
v v END D0
5 34 IO J=1.NY
AT WRITE(S, AT, o/ 20, D I=1 N s
: iy END LD '
¢ AR WKITEC(S,700u0) (S3TRE(D) . I=1.0XNT) -
. S WRITT (5.4, 'HLEORE SCALING.. - ‘
91 C-~  SCALING THE COOKDIMATES---- 4
law CMAX=AX(NA)
Lol IF (CHAXLLT.YY(HY)) CRAX=TT(N{)
& UV WEITZ (S.4) “CTnax’ .Cnax
A RS CHAX=S.0/CHAX
194 @ 00 444 I=1.n%
: LO5 D444 XXUD) =AY LR
) Voo f (D 44% J=1.N1
Lo 0495 YLD =0 (0 1) ACHAL ~

Fx=H»
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Y FY=NT
i1 IF (IUEV.EQ.Z! CAtL UCLAIG(Z )
11
112 CALL USTAKT
113 IFCIDEV.EQ.L) Cacl uboide Ogle’ ,uuTEIL)
114 IF (IDEV.EQ.0) CALL Utinsoc
il5 CALL UFSET ¢ FaivilLe, iupdlrin:
116 C CALL USET ( miziais' o
il7 CalL USET (" Zaxil’
113 CaLL USET (3riiT:
119 CALL USET (“Fzno
120 CALL USET ("Ciia
121 ¢ CALL USTUD ~wiv. S
122 CaLl UVWERT «oouolunn o vl oL iuulGe
123 CALL UPVSRE <Ziand,in.ii,wtan b, F1 EXEY EZ, PENS)
12 WRITS (S,kxs " o.0ist 1ioeined..
P23 666 IF CIDEY.EG. tail oiaut:
126 7 EORNAT (Al .
127 CALL UEnD o
128 999  STQP -
io9 EnD -
V30 b
131 subroutine :ootil vano, LOb, AR TR NXONY,2F, nnodes,nlac: A
R e e e L L B
153 C-- THE FOLLOWING AkE Toi STKESS LOCATIONS USED IN KSAF II -
154 C-- FRGGRAM. LIPLADING un tnE KEQUIRED STKESS PLANE LOCATION =
35 C-- SOKTING WILL BE LUri. AVEAAGING IS ALSO CARKIED OUT -
136 C-- EETWEEN ALJacinl ZJLumEnTI. i
137 C-- LOC - STRELD wuTiU? L3CaT1dng IN SAF.... s
138 C-- L
139 c-- G~-15-- ©  li--li--l 2-- 9-- 1 y | £
140 c-- P oo oo | B
141 ¢-- La--27-=1. Liemoimeli 19=-26--12 | o
142 ¢-- ! I | ! ‘ i ! ! { - F
113 c-- 7--15-- = {t-=lu-=ls G--1l-- 4 5
144 ¢-- Lottom w1adle tap o
T e e L P R ::
14c DIMIN3EON  acolyutbeds.if0vid, LOCI7) -
Lar AT R R A R AT L ULRNPED J),ID(J),]D(O),JTRh 1500.7,6 }:
La3 Gatn TEmL 5,19, 5.14,25, 0,6,18,2, 19,29,11,27,21, 26, '
147 13,24,9, 20204, 0, 20,02.5,17,17
154 WKITS (5.4 Lntoh -fo.23 nu.(l,,,3,4,5.6)
1ol REAL (S, N0%
12 RCAD (I0D. A, NS eORT  HUND
153 KEaD (1GL,«s - LOLoly, l-1,nLGC
ivd READ (Lol vavhy,i=lonlngy
159 REald CIOD, Ay i1y L=t Ul
190 CERD (LoD, &y COol =] nonD)
157 IF (NNDBES. L. Ynod
158 NONA=2ANONA - .
%2 NONT=CANDMT - )
160 NUNZ=2ANUND -
el O 111 -nmaal, -
le J=1s2
5
p
p
' .
F« N .
A B N R I R S NN S T R RN
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f 163 IE (MODCI.2).NELQ) x{[r=X(J+1)
G L64 IF (MODCI,2).EQ.0) X{ D =(X(I+1)+X(1))72,
N 169 111 CONTINUE
‘ 166 DO 222 I=NONY,!,-1
167 1=1/2
168 IF (MOD(I,2).NE.O) Y(I[)=((J+1)
169 222 IE (MOD(I.2).EQ.0) (i =(Y{I+1d+Y(T)) /2.
179 [0 323 I=NONZ,Ll,-1
171 J=1/2
172 IE (MOD(I,2) NE.OY Z(1)=2(J+1:
173 313 IF (MOD(I,2).EQ.0) Z(Li=1Cil+1y+20T)y, 2
: 174 END IF
' 175 WKITE (5., ° SELECT LEVEL (z-coord. Mo.: af sv-plane
177 [0 41 I=1.NONZ
178 a1 write (5,51 I,2(I)
179 <1 FORMAT (2X,I2,2X.F&.4.
150 KEAD (S,A) nlev
131 35=0
182 IF (MOD(NLEV.2J.NE.Q) 60 T0 =10
183 C-- MIDDLS.wu.n ..
194 35=2
165 po 20 J=1.3
F 46 Lo 20 I=1,3
b 147 IE (LOC{1).EQ.IEMT(Z,J.1%) 6O TO 21
* 133 o7 CONT INUE
v 131 60 TO 26
\Y 199 719 IF (NLCV.LG.1) G0 ID 23
171 1523
10z 00 10 1=1.3
: 173 oe 10 1=1,3
- Ly [T (LOC(1Y.EQ.I¥MTC2,2,1.) 00 T0 21
. 165 10 CONT INUE
. L It (NLEV.LG.ADND) GO 10 20
TR 15=1
- L P o1l J=1,3
3 I 0o 11 1=1,3
: Lo IF (LOUCL)JEQ@.IEMT.1,1.10) G TGO 21
. el CONT INUE
RETR WKITE ¢S,4%) ‘..LEVEL H0O. [DESN T MATOLH WITH LIC.
SN . NG5,
' S 5TOP
K R CONT INUE
g s po 40 1=1,2
L 07 [0e3)=0
- boE U0 50 I=1.5
' L 0 50 ¥=1,NLOC
; oy IE (Lot (k). EQ.LIEMT(32, 1,5 THEM
1 ! (=1
a1 H0 TO 40
B ENDIE
SRR CONT INUE
21 oan CONTINUE
o 0o 49y 1=1,3
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". L3
l.u
i
F
"
> 117 WD) =0
‘ J .
- 219 B0 55 1=1,: ‘
b 19 00 55 n=1.nLUC

220 IE (LOC(H . ga. fbnTode, [, 1)) THEN

2z Jhe=1

222 G0 IC a5 .
ENLIE

93 CONTI-UE

CONT INUE

NEX= (NGMA-1, . 2

NX=¢

Sy 10 79 jE1.iwn

229 1f (1l .53.0.undeiaeyal) 30 ta 70

23e 18 (13020 xaadinndeaeganonit) 90 Lo v

231 1f 130l Legate el nid e as.2q.0) 90 to /O

23l NX=NK+1

233 XPONX)=x

234 70 CONT INUE

235 P INCY =i s TG KEEF
Z36 XE(L) =X {1 'T0 KEZ¥P
237 NEY={NOrir-1.. 2

238 NT=C

39 do 80 ;- L,non.

240 i oAt sgLdewda eyl 50 to 80

241 1 ()3 Z) s cg.s ot e nony) g0 ta 890
Zac wf (jatloiegaveandawndey,2).eq.0) 30 to 80

2435 NT=NTr]

244 YP{ryl=1:7,

2345 &0 CONT INUE

246 YPONY) =1 (ot . 'TO KEEP SIZ7....
237 (P(li=ycln 'TO0 RECZP SI1ZCT....
248 NEZ=4NOMZ- 1 2L

249 IF INNOLZz.Ed.5 Tnirn

HEX=(NONST L)/ 2-]

AN AN A 2
]

TSI SIS SUN U R 30}
tatoto oty

e v g a_"

SIZE.
RPEAS

¢
1
<

2ol NET=VNUNY ] 2-] .

2al HEZ=(HUNZ el 2] .

203 Enhh IF .

254 NELT=NELAvic )

A NoSNCA T AanHED

2u0 ¢-- Rezdina strz-zes 1 -2l 2.y i-loc. no.

P Do 31 1-1.4l b
2%a po gl I=1.nl0l .
-5 flalb lal. ol PSRN N IR NS R ! N
Jue 9l CONT Ll 2

S0 gl VOKMAT tLie L hait L

262

lus N UNL L - .

264 iT (Ji.oe. . RN I

265 NEE=MNHNANE » ¢

“ul o-- sUPecees 21 slewsnLiy Anrl ONWaIrdS are regu red.. 2
M r=y '3
-ud DU 20 34, n

Y HL=NLCrtelos

Ry HL=NLeNL -
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D0 23 Ji=1.2
IE (JUCII).EG.Q) GO TG 9
0 90 I=N1.N2
g 91 I11-1,3
IE (IDCID).2Q.0; B0 10 91
IL=1BMT(JC,1]. 1)
LL=0
[y 9% L=1,8L0C
IF CILLEQ.LOCCLYY LL-L
H=H+1
ZEORY=STRES L, LL, NS T
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